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lUTEUALS  F0>  THESMAL  IHSULATION  AIR>  PU7TECTION 


Thi*  chapter  dlseuasaa  varloua  Batcrlala  having  the  following 
eoMOD  properties ; ability  to  block  the  transfer  of  theraal  energy, 
or  offer  e high  resistance  to  heat  flow  (theraal  Insulation), 
or  prevent  the  action  of  theraal  fluxes  of  high  specific  density  on 
the  object  being  protected  (theraal  protection),  etc. 


Such  aaterlals  are  widely  eaployed  In  aany  areas  of  technology, 
particularly  In  shipbuilding,  as  theraal  insulation  aaterlals  pro- 
viding protection  froa  theraal  shocks,  fire  retardants,  and  other 
aaterlals  of  this  type. 


A brief  discussion  of  soac  of  these  aaterlals  follows. 
IIl.l.  HEAT- INSULATING  MATERIALS 


1.  General  Properties 

Bast-Insulating  aaterlals  have  low  theraal  conductivity,  l.e.,  high  heat 
resistance,  end  are  used  for  aalntalnlng  certain  theraal  conditions  (preventing 
the  penetration  or  reaoval  of  heat). 

Although  the  theraal  conductivity  Index  X is  a decisive  factor  deteralnlng 
the  heat -Insulating  properties  of  a aaterlal,  the  practical  applicability  of  the 
aaterlal  requires  a nuaber  of  other  properties;  for  exaaple,  the  specific  weight, 
aechanlcal  strength,  coabustiblllty,  hygroscoplclty , bloreslstance,  nontoxlclty, 
technological  workability,  etc. 

Therefore,  although  there  are  aany  aaterlals  with  low  values  of  X,  the  niaiber 
of  high-quality  heat-lnsulatlng  aaterlals  Is  relatively  saall. 


There  Is  no  single  classification  of  heat-lnsulatlng  aaterlals,  since,  depen- 
ding on  Che  selected  classification  criterion,  aost  diverse  groups  of  then  can  be 
obtained.  For  exaaple,  heat-lnsulatlng  aaterlals  nay  be  subdivided  according  to 
the  following  basic  criteria: 

(a)  nature  of  the  aaterlal  - organic.  Inorganic  (alneral)  and  alxed  aaterlals; 

(b)  character  of  the  raw  aaterlals  used  in  the  preparation  of  the  aaterlal  - 
natural,  artificial  (including  coapoaltes)  and  synthetic; 

(c)  purpose  of  the  Insulation  - for  hull  structures,  power  plants,  systeas,  etc, 

(d)  principal  aechod  of  application  - loose,  packed,  saaared,  sprsy-coated , 
Installed  in  the  foia  of  sheets,  board  , blocka,  aats,  fllas,  shells,  wound,  etc.; 


* 

Niabers  In  the  right  aargln  Indicate  pagination  In  the  original  text. 


(■)  (0)  Id  the  «tructurc:  low  (p  < 100  kg/>^),  aadlua  (p  100-300 

kc/a^).  and  high  (p  > 300  kg/a^); 

t 

' (f)  phyalcal  atatc  - powdered,  granular,  flbroua,  coaposlte  (plasters,  putties 

• sprar-costad  substances),  sheets  (roll  fiberglass  fabric),  asbestos  board,  fllas 

! (foil),  places  (luaps,  shells,  board  , plates): 

> (g)  conditions  of  use  - erjrogealc,  low-taaperature,  aedlis-teaperature , 

i hlgb-taiperature,  refractory; 

, (b)  degree  of  coabustiblllty  (InflaaBsbillcy}  in  accordance  with  the  gules 

! of  the  USSR  Register  - noncoabuttlble  (nonflasosble) ,**  respectively  estlasted  in 

teras  of  the  conventional  inflaaaablllty  coefficient  K ( 0.1,  where  K is  deteralned 
by  calorlaetric  aethoda  and  represents  the  ratio  of  the  aaount  of  heat  evolved 
\ during  the  co^ustion  of  the  sample  under  standardised  conditions  to  the  astount 

of  heat  in  the  igniting  pulse;  difficultly  coabustible**  0.5  > K > 0.1;  difficultly 
inflaasable  2.1  > R > O.S;  coabustible**  K > 2.1. 

Values  of  K for  various  heat  insulating  naterials  arc  listed  In  Tables  111.1 
and  III. 2. 
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A large  nuaber  of  works  ’ * arc  devoted  to  the  description  of  the  properties, 
technology  of  production  and  application  of  heat 'insulating  naterials.  Including 
those  used  on  ships.  Ve  will  confine  ourselves  to  citing  the  essential  properties 
of  heat 'insulating  naterials  (Tables  III.l  and  III. 2)  and  discuss  the  nost  typical 
and  pronising  naterials  of  only  a few  groups. 

Such  naterials  include  foan  naterials  (including  foan  plastics,  foam  glass 
and  foan  cerasLlcs);  lighcwclght  nincral  naterials  based  on  vemlculitc;  board 
(plate)  and  roll  conposite  naterials  containing  nincral  or  organic  binders;  special 

> types  of  insulation,  for  example  powder-vacuum  or  multilayer-vacuum  insulation, 
and  some  others. 


2.  Foam  Naterials 

Foam  naterials  is  the  general  designation  of  a large  group  of  synthetic  or 
artificial  naterials  characterised  by  a unique  cellular  structure:  the  nacarlal 
has  nany  closed  or  open  pores  filled  with  gas  or  air,  and  therefore  has  a 
low  density  and  a low  themal  conductivity. 

Individual  heat' insulating  naterials  hsvc  been  briefly  described  previously 
(Vol.  I of  the  handbook. New  Materials  for  Shipbuilding,  Sudostroycniyc,  1966,  p.  668; 
Vol.  Ill,  1972,  p.  101)  and  arc  dUcussed  below  in  f 12  and  section  III. 5.  Here 
we  are  dlscusaing  only  foan  plastics  possessing  beat 'insulating  properties. 

Depending  on  the  nature  of  the  starting  naterials,  the  foans  uaed  as  beat 
Insulators  are  subdivided  into  foan  plasties  (base  - synthetic  polyncrlc  resins), 
foM  glass  (base  - silicate  glasses)  and  foam  ceramics  (base  - ceramic  compositions;. 


*Ihis  elassifieatloo  is  arbitrary. 

**Tems  adopted  by  the  Rules  of  the  DSSR  Register. 
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Tabic  TII.l  continued 


TabU  III.  2 

Baat-lnaulatiac  aatarlala  for  Inaulatlag  hull  atructura* 


Matarlal  and 
standard 


, Asbokapron  sprap-i  _ I||d_]00  — 0.06S 

I oatad  boat  Insu-  ; 
latlon 

Insulation  I 

Sloan  glass  blocks  I iSO-IW  fSO-250  O.OSi-  0.100 
for  constzuctloo  | 

4 Technical  grade  m 170  0.045  0.04S 

coarte-halred  felt 

ifor  Insulation) , . 

COST  6418-67 

5 Beat  Insulating  I 

articles  of  glass  ' i 

staple  fiber  I 

(COST  10499-67):  ' . 


PTO-75 

5J-7S  ' 

1 

60-60 

PT-75 

1 

51—75  i 

60—80 

W-50 

1 

i 

36-50  1 

60-60 

...  -1 

'achnlcal  nade 
:ork  granules 

aastlc 

teat  Insulating 
latarlal  of 
irand  ATIMS : 

0.035  M50-OJ0O 


AZIMS-S 

ATIMS-10 

ATIMS-IS 

brand  ATIHSS: 

ATIM5S-30 

ATIMSS-50 

Beat  Insulating 
natcrlal  of 
brand  VT4: 

V?4lfo 

VT4-15 

Beat  Insulating 

5?S55^4?f 

VT4S-25 

VT4S-30 


80-e0  60-70 


100 

i 1 . 

1 1.6  { 12 
|ir  TT 

<60 

0.2  0.2 
156  155 

60 

0.1  3 

T55  TO 

4 

too 

0.6  10 
155  155 

« 

■ 

to  ' 

1 

02  t 

T*  > TT 

1 

i 

The  conoo  properties  of  these  Bsteriels,  despite  their  coapletely  different 
nature,  are  a low  density  (p  ■ 20-60  lt|/n^),  low  theraal  conductivity  (1  - 0.03- 
0.05  fccal/a  h *C),  and  the  fact  chat  It  Is  possible  to  vary  their  various  properties 
widely,  which  aakes  It  poaslble  to  select  the  opclaia  variants  for  a specific  area 
of  application. 

foaw  plaatlc  beat  insulation  nay  be  nade  In  two  variants:  by  Installing  sheets 
or  blocks  of  foaa  plastic, thsn  sewing  or  pasting  decorative  naterlal  around  It,  or 
by  spraying  foaaing  coapositions  fomlng  the  foam  plastic  on  the  spot.  Such  for 
exaaple  is  the  rigid  foaa  polyurethane  of  type  BartMoltopren,  widely  eaployed  In 
foreign  ahlpbulldlng  for  beat  Insulation  of  ships. 

For  standard  O • 30  kg/a^.  Its  • 3.5  kg/ca^,  • 1.8  kg/ca^,  a,  • 0.6 
kg  ca/ca^;  the  aaterlal  has  9SZ  of  closed  pores.  The  hygroscoplcicy  Is  1-3Z; 

X • 0.020-0.022  kcal/(a  h *C). 

Figure  III.l  shows  coaparatlve  characteristics  of  the  basic  properties  of 
certain  foaa  plastics:  X vs  p (a);  X vs  t (b);  P„  vs  p (c);  vsp  (d);  vs  p (e) ; 

E vs  p (f);  Og  vs  t (g):  E,|,  vs  t (h). 

Figure  III. 2 shows  the  basic  characteristics  of  the  properties  of  a two- layer 
construction  material  - foaa  polyurethane  blocks  with  glass-reinforced  plastic 
linings  (sandwich  structure) . 

A slallar  group  of  graphs  In  Fig.  III. 3 shows  data  on  aateiials  for  fireproof 
heat  Insulation  aade  In  the  fora  of  foaa  plastic  sheets  30-120  an  thick  lined  on 
both  sides  with  sheet  asbestos  (5  ■ 1 aa). 

The  foaa  plastic  core  of  this  material  consists  of  a composition  of  foaa 
polystyrene  (90Z)  and  silicon-containing  filler  (lOZ) . 

In  the  case  of  a fire.  In  which  the  tcaperature  rises  to  800-1000*C,  the 
foaa  plastic  bums  off,  while  the  silicate  skeleton  reaalns.  In  this  aaterlal, 

X • 0.039  kcal/(a  h *C),  Og  - 3-4  kg/ca^,  Oahear  " 14-15  kg/ca^,  p - 160  kg/n^. 

Polyurethane  foaa  plastics  (see  Vol.  Ill  of  this  handbook,  1972,  Sudostroyenlye 
Publishing  House,  p.  131)  are  very  proaislng  shipbuilding  heat - Insulating  aaterlals 
possessing  a cooblnatlon  of  valuable  properties  (low  p and  X values,  fairly  high 
Ou,  o^,  values),  and  also  because  of  their  technological  workability.  These 

aaterlals  aay  be  used  as  preforaed  and  foamed  products  (sheets,  blocks,  individual 
articles),  snd  also  at  sprayed  coapositions  which  foaa  when  applied  on  the  surface 
to  be  protected,  aa  well  as  filling  coapositions  foaaing  In  the  cavities  and  voliaes 
which  they  occupy. 

A slallar  technological  latitude  has  served  as  the  basis  for  using  polyurethane^ 
foaa  plastics  not  only  as  heat -Insulating  aaterlals  but  simultaneously  to  lighten 
the  structures  and  also  to  fill  not  easily  accessible  eavlctet  in  order  to  provide 
protection  from  corrosion,  sound  Insulation,  mechanical  bracing  of  parts,  etc. 

Hhen  pouring  polyurethane  foaming  coapositions,  (for  example,  when  filling 
buoyancy  volines,  rudder  blade  cavities,  fairings,  bull  structures),  use  is  also  /202 
aade  of  special  machines  and  devices  which  mechanize  these  operations. 


(•)  A,  fccal/(a  h Jag)  (b)  *.fcc«l/ (■  h J 


rig.  III. 2.  So««  charaeterlstlc*  of  t%io-l«yer  £o«b  polyurethane  blocks: 
a - foas  polyurethane  KX,  va  O;  b - polyurethane  foam  plastic  Oj.  vs  p;  c - o^  vs  p; 
d-Xvsp;a-£vsp;f-  change  In  X with  aging  foaa  plastic. 

1 - sandwich  with  fiber  glass  linings;  2 - PPU  (at  20*C>;  3 - PPU  (at  50*C); 
g - 0.  vs  p for  PPU  with  open  (1)  and  closed  (2)  calls; 

h - Donograa  relating  the  lengths  of  alzlng  (1),  foaaing  (2)  and  setting  (3)  of 
foaa  polyurethane. 

Dashed  lines  Indicate  exanples  of  use  (from  the  top  down).  A;  nixing  - 60, 
foaming  - 180,  setting  - 580;  B:  mixing  - 25,  foaming  - 75,  setting  - 310; 

C:  mixing  - 8,  foaming  - 25,  setting  - 150. 


Voluae  III  of  this  handbook  (1972,  Sudostroyenlye  Publishing  Bouse,  p.  102) 
gives  the  properties  of  certain  brands  of  foaa  polyurethane  plastics  which  are  of 
Interest  In  shipbuilding. 

Polyaethacrylaadde  with  an  admixture  of  soluble  gas-fomlng  agent  splitting  off 
SMonla  la  used  to  obtain  by  foaalng  at  170-230*0  rigid  foaa  plastics  suitable 
for  heavy  duty  service. 

Foaa  plastics  of  this  type  arc  resistant  to  vibration  and  wear,  and  they  arc 
■echanlcally  stronger  chan  all  ocher  rigid  foaa  plastics  of  Che  same  density;  they 
arc  thermally  stable  and  resistant  to  organic  solvents.  Some  characteristics  of 
lohacell  foaa  plastics  arc  shown  In  Table  III. 3. 


3.  Vcrmlcullce 

Expanded  vemlcullte  (theraovermicullce)  Is  a granular  heac-lnsulaclng  material 
obtained  by  grinding  and  calcining  the  natural  mineral  vermlculite  (hydrophlogoplte) 
a highly  hydrated  magneslim  aluminosilicate  of  variable  composition. 

The  limits  of  fluctuations  in  the  content  (percent)  of  the  various  components 
cf  vermlculite  are:  SIO2  37-42  , MgO  14-28,  Fc203  5-17,  FeO  1-3,  AI2O3  10-13,  H2O 
8-20  (K2O  + Na20)  1-2. 

On  rapid  heating,  vermlculite  splits  Into  separate  mica  plates  lightly 
bonded  to  each  other,  so  that  the  grains  expand  considerably  and  bend  partially 
[hence  the  name  vermicuUs  (worm-shaped)  ] . 

On  expanding,  the  Increase  In  volose  is  tenfold,  and  Che  Increase  in  grain 
thickness  ranges  from  15  to  40- fold. 

Depending  on  Che  grain  size,  expanded  vermlculite  Is  divided  Into  two  fractions: 
fine  (from  015-0.25  to  3 mo)  and  coarse  (from  3 to  10-15  mm). 

The  bulk  density  without  compaction  ranges  from  lOP  to  300  kg/m^  (Fig.  III. 4). 


Oraln  size,  a: 


Fig.  III. 4.  Density  of  vermlculite  vs  grain  size 


Table  III. 4 


So Bc  charaeccrlaclcc  of  expanded  vermlcullte  and  veimicullte  articles 


Material 

0,  kg/m^ 

X,  keel/ 

(a  h deg) 

Refractor- 
iness, *C 

Expanded  veimicullte: 
of  Potanyanskiy  deposit 

up  to  100 

0.035-0.050 



1270 

(5-10  O.b-S.O  mt 

and  U.0-0.6  am  fractions); 
of  Eovdor  deposit  (5-10  ms, 

up  to  ISO 

0.06 

1 

1350 

0.6-S.O  B and  0.0-0. 6 b 
fractions) 

CoBercial  grades  of  'izpanded 

100-300 

0.065-0.085 

vermlcullte  (0.15-3  b,  and 
3 to  10-15  mm  fractions) 
Unflrcd  asbestos-vermlcullte 

250-350 

<0.09 

2-2.5 

articles 

Vermlcullte  concretes 

300-900 

3-25 

500 

0.09 

5 

- 

- 

Vcrmiculite-ceramic  Articits 

1 

350-450 

0.07-0.08 

i 4-15 

i j 

2-3 

>1350 

Table  III.S 

Conposltlons  of  Blxtures  (in  terms  of  dry  substance)  for  preparing  asbestos-vermlcullte 

art Icl es 


Starting  materials 


Expanded  vermlcullte 
Asbestos  of  grade  V 
Bentonite  clay 
Milled  diatomaceous  earth 
Water  glass 
Sodium  fluoslllcate 
Phenolic  alcohol  (resin) 
Bituminous  bentonite  paste 
Blctmlnous  diatosuceous  paste 
Starch 


Roman  numerals  denote  composition  numbers. 


Content  of  components,  vt.T 


I» 

II  1 

1 

I*  ^ 

IV 

67 

59 

56 

56 

18 

7.5 

17 

17 

10 

• 

- 

- 

- 

7.5 

• 

- 

- 

22.3 

- 

- 

• 

3.7 

- 

• 

. 

12 

15 

- 

. 

- 

i: 

- 

15 

- 

5 

13 


Szpaaded  venlciUlte  (Table  III. 4)  vlth  addlciona  of  binders  can  be  used 
for  Che  preparation  of  tvo  types  of  heat-lnaulaclng  products: 

(a)  unflred  ones  - aabestos-veraicullte  products  (aaong  the  coaposlclons 

abotin  In  Table  III.S,  characterized  by  up  to  600*C)  and  vemlculltc  concretes 

of  expanded  eermlcullte  and  ceaent  of  brand  600,  taken  In  the  proportion  1:1  - 1:2.3; 

(b)  fired  or  ▼enlcullte-ceranlc  products  (aaong  alxtures  of  venslcullce  /203 
and  refractory  clay,  taken  In  Che  weight  proportion  of  3:1  - 4:1),  characterized 

by  t , up  to  1100*C. 
work 


CoBposltlon  of  vermlcullte  concrete  (In  vt.X)  /204 

Portland  ceaent  400  57 

Expanded  vermlcullte  of  brand  125  (2.5-10  m grain)  5.7 

MB-40  asbestos  2.8 

Water  34.5 


This  vermlcullte  concrete  has  p > 1200  kg/m^,  X ■ 0.16-0.22  kcal/(m  h deg)  and 
t^^j^  ■ 850-950*0,  and  serves  as  a sublayer  for  mastic  deck  coverings  (of  "Neva-3U"  type) 

In  cases  where  fireproof  protection  of  deck  coverings  Is  required.  The  optimum  thick- 
ness of  a layer  of  vermlcullte  concrete  on  steel  Is  30-35  mm,  and  that  of  the  "Ncva-3U" 
mastic,  15-20  mm. 


4.  Expanded  Perilte 


Beat -insulating  materials  Include  expanded  perlite  (perlite  sand  - a volcanic 
rock  containing  water  - fired  In  the  suspended  state  In  shaft  furnaces). 

Expanded  perlite  sand  Is  silxed  with  different  types  of  binders  (mineral,  or- 
ganic) and  shaped  into  articles  used  for  beat  Insulation. 

The  characteristics  of  certain  articles  obtained  from  perlite  are  shown  In 
Table  III. 6. 


5.  Board  Heat -Insulating  Materials 


Heat- Insulating  materials  used  In  structures  In  Che  form  of  finished  board 
(plates,  panels)  and  usually  requiring  no  additional  treatment  (enclosing,  painting, 
gluing,  etc.)  Include  articlaa  formed  under  plant  conditions  from  various  composi- 
tions. 


The  most  modem  materials  of  this  type  arc  asboslllte  (USSR) , neptunlte  (GDR) 
and  marlnlte  (England). 

The  characteristics  of  these  materials,  which  are  used  not  only  for  heat  In- 
sulation but  also  for  fireproofing  on  ships,  are  discussed  In  more  detail  below 
(!  11  and  Table  III. IS). 


Tabl*  III. 6 


Characteristics  of  cartalo  hast  Insulaclnt  articles  obtained  froa  perlite 


Article 

Binder 

0,  kg/mJ 

Temperqture  up 
to  which  servlc 
Is  possible,  *C 

of  sand 

UZ ' 

article 

Ceramlc-perlice-phosphace 

tafraccory  clay 
and  phosphates 

to— IN 

NO— 400 

<0.2  (600T  • 

1150 

Ceramic  perlite 

Clay 

NO— 400 

0.06-0D9 

900 

Perlite,  fired  lightweight 

Pusible  clays 

100—300 

0.05-0.07  IN') 

600-700 

PPKhV-1  places 

PChV-raain 

TD^no 

<160 

04>55 

100 

Bitumen-perlite 

Bit  men 

60- IN 

300-450 

0.0r-^.09  (20'-) 

160 

Cement-perlite 

Csment 

250-350 

0.06-0.0r5  f25-J 

600 

0.11—0.12  (325’  C) 

Perllte-gel 

Hater  glass  and 
fluoslllcace 

NO-250 

0.05 1-0.056 125  ■) 

0.099—0.104  (325')  . 

Phenolic  perlite  and  phen- 
olic cerate  perlite  plates 

Phenolic  alcohol: 

_ 

_ j - r _ 

Filter  perlite  powder 

• 

150— uio 

0.05—0.06  1 130 ' 

1 

^Throughout  this  co him,  the  temperature  Indicated  In  parentheses  Is  In  degrees  Centigrade. 

New  varieties  of  fiber  glass  materials  may  be  used  for  heat  and  sound  insulation. 

In  particular,  articles  made  from  them  (plates,  rolls)  obtained  by  Che  so-called  cen- 
trifugal blast  method  (CTB) . 

Fiber  obtained  by  the  CFB  method  (combined  action  of  centrifugal  forces  and 
gas  combustion  products  on  the  glass  melt  when  Che  filament  Is  pulled)  has  an  In- 
creased strength,  la  more  homogeneous,  and  makes  It  possible  to  obtain  articles  of 
batter  quality.  By  binding  the  CFB  fiber  with  synthetic  resins,  one  obtains  a 
shaped  composition  which  after  Che  resin  sets  has  a combination  of  valuable  properties. 

Plates  containing  fibers  obtained  by  the  CFB  method,  with  a binder  of  a mix- 
ture of  phenolic  alcohols  and  alkyd  resin  TFF-45  In  Che  proportion  of  5:1,  arc  made  /206 
with  fiber  having  the  following  properties:  density  - for  brand  FT- 75,  30-40  kg/m^; 
for  FT- 50,  10  kg/m3;  mean  diameter  of  fiber  - less  than  6 urn;  concent  of  nonflbrous 
inclusions,  0;  loss  on  Ignition,  12Z;  hygroscoplclty  for  5 days,  4X;  recovery  co- 
efficient, 95X. 

The  CFB  roll  material  has  a density  of  21.0  kg/m^  under  a load  of  1 g/cm^ 
and  29.0  kg/m3  under  a load  of  5 g/cm^. 


6.  Base  Insulation  of  Cryogenic  Devices 

For  purposes  of  cryogenic  engineering,  which  requires  careful  protection  of 
the  apparatus,  containers  and  connecting  lines  from  the  influx  of  heat,  ordinary 
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Fig.  III. 5.  Apparent  average  chemal  conductivity  of  certain  types  of  Sovlet- 
■ade  vacuuD-powder  heat  Insulating  materials  In  Che  790-7S  K temperature  range 
(layer  thickness,  9-72  mm) 

1 - magnesia;  2 - mineral  wool;  3 - perlite;  4 - coarse-flber  glass  wool  (18-20  um) ; 
S - fine-fiber  glass  %rool  (4-7  um);  6 - silica  gel;  7 - Mipor;  8 - sillcoaerogel. 


C heat  Insulaciou  is  inadequate.  In  such  cases,  special  types  of  heat  Insulation 

are  used,  mainly  high-vacuum,  powder-vacuum  and  multilayer-vacuum  types. 

Rlgh-vacuum  insulation  is  obtained  by  structural  methods:  creating  a high 
[ vacutm  (1*10*^-1’10~6  Torr)  in  the  heat-insulating  apace  and  setting  up  in  this 

space  free-standing  or  cooled  shields  which  sharply  decrease  the  radiant  heat  Influx. 

I For  example,  high-vacuum  insulation  with  shields  cooled  by  liquid  nitrogen  is  uniquely 

suited  for  the  storage  and  transportation  of  liquid  hallum,  for  which  ordinary  Dewar 
flasks  are  unsuitable. 

Powder-vacuum  insulation  consists  in  filling  the  insulation  space  with  various 
powdered  materials  and  reducing  the  pressure  to  10~^10~^  Torr  in  this  space. 

As  shown  in  Fig.  III. 5,  the  thermal  conductivity  of  all  powdered  heat-insu-  /207 

latlng  materials  drops  sharply,  since  the  transfer  of  heat  by  Che  gat  usually  pre- 
sent in  the  pores  of  insulation  materials  is  eliminated. 

Figure  III. 5 shows  comparative  values  of  the  thermal  conductivity  of  some 
types  of  Soviet-made  materials  used  in  the  form  of  vacuum-powder  insulation  for 
cryogenic  devices. 

Katerlals  used  for  powder-vacuum  Insulation  include:  aerogel,  perlite,  silica 
gel,  Hlpor,  and  fiber  glass,  to  which  is  frequently  sdded  aluminum  or  copper  dust 
(40-60X  of  its  mass) , which  shields  the  material  and  lowers  the  radiant  heat  trans- 
fer, thus  reducing  th»  thermal  conductivity  coefficient  by  a factor  of  3-4. 

Multilayered  vacuum  heat  Insulation  la  formed  by  alternating  layers  of  mater- 
ials with  a high  reflectivity  and  low  thermal  conductivity,  for  example  aluminum 
I foil  and  fiber  glass  fabric.  When  the  residual  pressure  in  the  heat-insulating 

space  is  1‘10~ 3-1.10-4  Torr,  Che  heat  transport  by  the  gat  it  sharply  reduced, 
and  Che  nominal  thermal  conductivity  of  the  layers  becomes  approximately  1/10  that 
of  Che  vacuum-powder  materials  and  approxlmataly  1/100  chat  of  bulk  heat  lamulatlon. 
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Fig-  III. 6.  Thcnal  conductivity  of  aultllaycred  Insulation  vs  pretture 
(T  - 293-90  K) 

Nuabars  on  curvas  danote  the  number  of  layers  of  multilayer  Insulation. 

The  optimum  number  of  Insulation  layers  la  20-30  per  cm  of  thickness.  The 
chief  area  of  application  of  this  insulation  arc  pipes  and  cryogenic  vessels. 

Figure  III. 6 shows  the  tharaal  conductivity  of  multilayer  Insulation  (aluminum 
foil  - fiber  glass  fabric)  vs  pressure  (T  • 293-90  K)  for  different  niobers  of 
layers  n • 26,  40,  51. 


III. 2.  ASBESTOS  AND  ASBESTOS  MATERIALS 


Asbestos.  General  Properties 


The  name  "asbestos"  Includes  a group  of  fibrous  varieties  of  certain  minerals. 
According  to  their  mlncralogical  origin,  two  main  asbestos  groups  arc  distinguished: 

aiqthlbolcs  [Xj.jTjZgOjjCOH,  F,  CDj],  where  Z - Na,  Ca,  K,  LI;  T - Mg,  Fa,  Mn; 

Z - SI,  Al,  Ti.and 

sarpentlnes  Mg^tSl^O^^] (OH)^. 

A coaon  property  of  these  minerals  is  the  filament  shape  of  the  crystals 
and  thalr  ability  to  be  spilt  Into  the  finest  fibers  possessing  a high  mechanical 
strength  and  alastlcity.  The  tensile  strength  weight  ratio  of  asbestos  fibers  Is 
much  higher  than  that  of  many  construction  metals.  In  addition,  asbestosas  arc 
characterized  by  a high  thermal  and  atmospheric  stability  and  chemical  rasistance. 
Compositions  of  the  chief  varlatlas  of  asbaatoa  arc  shown  In  Table  III. 7. 

The  two  main  varieties  which  have  been  applied  In  Industry  are  ehrysotlla 
asbaatoa  ((X)ST  12871-67)  and  anthophylllte  asbestos  (STD  49-161-62  MPSM). 

Anthophylllta  asbestos  is  characterized  by  a low  strength,  different  fiber  /208 
lengths  and  a high  acid  rasistance.  It  Is  mainly  used  as  a filler  In  the  production 
of  ozygen-raslstant  plastics,  asbestos  board,  etc.  It  la  msnufaetured  In  two  grades 
differing  In  fiber  length. 


Crocidolltc  (blue)  end  enocice  eebeecoe  is  eleo  ^>plicd  In  induecry  to  an 
•fprecieble  extent.  Seat  properties  of  asbestos  fibers  are  also  listed  In 
Table  III. 7. 

Chrysotlle  asbestos  can  be  split  Into  fine,  flexible,  elastic  fibers  of  high 
atrangth  suitable  for  the  production  of  textile  naterlals.  The  long-tine  heat 
raslstancc  Is  SS0*C,  and  the  short-tine  heat  resistance  Is  700*C.  Chrysotlle 
asbestos  Is  highly  stable  to  the  action  of  alkali  but  Insufficiently  acid  resistant. 
According  to  the  fiber  length  and  dust  content.  It  Is  subdivided  Into  9 grades 
(fron  0 to  8)  and  according  to  the  texture.  Into  three  groups;  rigid,  semirigid 
end  soft. 

In  addition,  seven  brands  denoting  the  asbestos  grade  and  fiber  size  have 
been  established,  along  with  the  following  additional  symbols: 

AK  - liapy,  long-flbered,  rlgld-textured; 

DV  - long-flbered,  rlgld-textured; 

Zh  - rlgld-textured; 

PRZh  - Interrsedlate  brands  between  rigid  and  semirigid  textures ; 

P - sealrlgld-texturcd; 

M - soft-textured; 
t - chambered,  soft-textured. 

Asbestos  brands  AK,  DV-C-80.  DV-0-55,  Zh-1-50,  Zh-1-38,  Zh-2-20,  Zh-3-40, 
P>Zh-2-30,  PRZh-2-lS,  P-2-30,  and  F-2-15  are  designed  mainly  for  the  production 
of  textile  articles.  Asbestos  of  brands  P and  H (grades  3,  4 and  5)  as  well  as 
brands  P-6-40  and  H-6-40  Is  used  for  producing  asbestos  cement  articles.  Brands 
K-6-30  and  K-6-20  arc  used  for  heat  Insluation  In  the  production  of  plastics. 
Asbestos  of  brand  K-6-5  is  used  In  the  production  of  asbestos-pitch  tiles. 

8.  Asbestos  Materials 

Chrysotlle  asbestos  Is  used  as  the  base  of  Important  technical  materials: 
asbestos  thread  or  yam  and  articles  made  with  it  (cord,  fabric,  board,  paper. 
Jointing,  etc.). 

Table  III. 8 lists  the  basic  properties  of  certain  asbestos  materials. 

Asbestos  and  materials  obtained  with  it  as  the  base  have  various  applications 
In  technology.  They  arc  used  as: 

(1)  fireproofing  and  electrical,  tbcmal  and  acoustic  Insulating  materials; 

(2)  sealing  materials; 

(3)  active  and  reinforcing  fillers  in  plastics,  adhesives,  rubbers,  asbestos 
cement  and  various  composite  materials; 


^ . 


T«bi«  in. 

B«0tc  profiertics  of  asbootoa  fabrics 


- 

1 

J 

IhC^>  fr«r 
.'j  M « t 9 

8 

8 

8 

8 

•8 

1 8 8 8 8 

8 

§ 

m 

§ 

Isgifs  ! 

esibci 


Iti  !i-' 

fcti  i \ 


a 9 t 9 9 

— t 9t  m t* 

fi  fi  e $ S 


s s* 


§ § § I § 
i ~ I ” 
g £ I I g 


999  ess  sss  sss  ss 

MUM  M*i*>  *•.*'. 

Ill  III  ill  III  II 


g £ g 

i I I 


sss  sss  ss 

ill  III  II 


lj“  -§ 

S** 

tasiAj  . s ta 


w re«»«  t = 


0 «S  «s  , g «i  »s  ,8 

S 5s  aS  5 S S-  S-S  a“ 


• c *'  o 

« I 

htt  ^ ■ 


i.  ! f 


C44  V I 31  « X 

•S*| 

52  ' I I 

•sS-' 

iw  p{  a I f< 

ga  ^ 1 1 


2 M «p 
0 0 
V o 


X X 

§ 8 


i_i_L 

-c  i s 
?s  ^ s 

8 S 

? ? 

IT-  e 

I i 


^ B 6 

S ^ S 

Sm«S  a, 

s 55 

^ t0« 

^ 

«®.- • 

II 


• j e 

S£  I s 
I S'  I 2 


•» 


i__l 

i 


M r I . i * 

< 3 Jl  2 i 3 


5«S  5 
pZ 

5* 


^ # 5 

P P P P 

« « < < 


5 


0 00  W »a  <70cU;r.»  og‘|-OI'l  009-00s  W^MM  •«  1 iMtUXOH  I iM'tUxaK  »*«'n  *-n* 


r 


(4)  filtering  and  absorbing  aatarials. 

Aabastos  fabrics  (4T-1  - AT-S  COST  6102-67)  arc  used  aainly  for  hast  insula- 
tion (saa  Table  III. 8). 


■aw  ■Bterials  obtainad  with  asbaatos  as  the  base  Include  fabric  or  paper 
coaposltcs  froa  aabastos  and  fiber  glass  with  resin  binders:  asbaatos-ccraaic  com- 
positions of  asbestos  and  cahaalc  fibara;  metallised  asbestos  fibers  and  fabrics; 
fabrics  made  of  metal  wire  and  asbestos  fibers;  asbestos-graphite  coaposltions 
made  of  graphite  powders,  asbestos  fibers  and  resin  binder;  pastes  of  asbestos, 
slrcon  and  silicon  with  reslo  binders;  asbestos  fluorlncplasclcs;  asbestos  polyaisides 
and  many  others.  In  many  compositions,  asbestos  functions  as  a heat-resistant  re- 
inforcing component. 


The  properties  of  certain  conposlties  are  listed  in  Table  III. 9. 


Table  III. 9 

Properties  of  certain  asbestos  compositions 


Composition  No. 


Tb*  •abaitot-caant  alxture  spray  coacad  on  surfaces  Is  designed  for  Insu- 
lation and  consists  of  asbastos  of  grade  P-III-SO  or  P-IV-20  (GOST  12671-67)  and 
Portland  caaent  of  grade  not  belov  SOO  ((MST  10178-62)  or  fast-setting  or  plastl- 
clsad  cawnt  (GOST  10176-62). 

The  weight  ratio  of  asbestos  (fluffy)  and  ceeent  (dry)  Is  2:1.  The  dry 
■Ixture  Is  fed  Into  a spray  gun  together  with  water  (1:1)  and  Is  sprayed  with 
coapressed  air  and  In  Che  fora  of  a sealllquld  aass  onto  the  surface  to  be  pro- 
tected In  a layer  of  necessary  thickness  (usually  15-20  b)  . 

The  spray-coated  asbestos  capron  heat  Insulation  Is  obtained  by  elxlng  93  wt.Z 
of  fluffy  asbestos  of  grades  P-III-SO  or  P-IV-20  (GOST  12871-67)  with  72  of  capron 
noil  (fiber  length,  10-15  as),  the  hinder  being  a solution  of  potassiuc  silicate 
(M  ■ 2. 9-3. 2;  0 " 1.41-1. *5  g/ce^)  diluted  with  fresh  water  to  o • 1.25-1.26  g/cm^. 

The  Blzture  is  atomized  at  an  air  pressure  of  2.5  kg/cm^.  The  approxlute  ratio 
of  the  dry  mature  to  the  solution  is  1:1. 

Prior  to  the  spraying  of  both  the  asbestos-cement  and  asbestos-capron  mixture, 
to  Improve  the  adhesion,  Che  surface  Is  coated  with  a cement-latex  primer  of  the 
following  composition: 

Latex  DVKhB-70  grade  A (GOST  9501-60)  37 

Stabilizer  K (acid  casein  142;  calcined  soda  12;  water  852)  11 

Portland  cement  of  grade  not  below  400  (GOST  10178-62)  52 

The  adhesive  strength  of  the  spray-coated  Insulation  Increases  if  wire  pins  /21 
6-8  ms  long  are  first  welded  to  the  surface  being  created  at  a distance  of  250-300 
B from  each  ocher  (at  the  comers  of  squares),  and  after  Che  Insulation  Is  applied, 
the  ends  of  the  pins  are  bent  at  a distance  of  1/3  of  the  specified  thickness. 

The  properties  of  Che  Insulation  obtained  after  drying  are  given  In  Table  III. 10. 

Table  III. 10 

Some  characteristics  of  spray-coated  Insulation  masses 


X, 

Ultimate. strength, 

kg/ cm2 

Type  of  mass 

p,  kg/n^ 

kcal/(m  h *C) 

(Isyer 

separ- 

ation) 

(without 

deforma- 

tion) 

W24.X 

Asbestos  cement 

300-400 

0.09-0.095 

0.5 

2-2.5 

>0.5 

up  CO  5 

Asbestos  capron 

180-250 

0.06 

0.05 

1.3 

- 

up  to  6 

1 h,  *C 
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III. 3.  nAT-SBIELDlHC  (ULTERXALS 

During  chc  operation  of  many  aodem  aachinu  and  Inacallaclona , Individual 
parta  or  coaponents  aay  be  aubjacted  to  intenae  beat  fluxes  at  teaperatures  equal 
to  or  exceeding  the  aeltlng  point  or  decoapoaltlon  teapetaturc  of  the  aaterlals 
of  ahlch  they  are  aade. 

To  Inaure  the  efficient  operation  of  such  parts  (If  they  cannot  be  aade  of 
aaterlals  possessing  a sufficiently  high  heat  resistance).  It  Is  necessary  to  re- 
sort to  various  aethods  of  protecting  then  from  hesit.  Of  the  aany  possible  heat- 
shielding  variants,  the  following  three  aay  be  considered  Che  aain  ones; 

(1)  supplying  a cooling  liquid  or  gas  to  the  wall  opposite  the  heated  side 
or  to  the  peracable  voliae  (pores,  channels)  of  the  aaterial  being  heated; 

(2)  applying  on  the  heated  surface  refractory  coatings  or  linings  capable 
of  preserving  their  state  of  aggregation  for  a long  cine  and  possessing  a low 
themal  conductivity; 

(3)  applying  on  the  heated  surface  coatings  chat  decompose  rapidly  (undergo 
vaporization,  decomposition,  gasification,  or  partial  fusion)  on  heating  with  the 
absorption  of  heat,  so  that  during  Che  period  of  their  decomposition,  the  tempera- 
ture of  the  shielded  surface  does  not  exceed  the  allowed  values. 

The  first  method,  which  la  mainly  one  of  design,  does  not  Involve  the  use  of 
special  materials  ano  Is  not  considered  here.  It  is  used  mainly  In  cases  where 
protection  for  long  periods  of  time  is  required  sod  changes  in  the  dimensions  of 
the  outline  of  the  parts  being  heated  cannot  be  tolerated. 

Shielding  using  the  second  method  Is  designed  for  shorter  periods  of  time 
and  uaually  consists  in  applying  coatings  and  linings  of  more  heat-resistant 
materials. 

The  selection  of  heat-shleldlng  materials  is  determined  not  only  by  their 
thermophysical  parameters  (thermal  conductivity,  refractoriness,  temperature  con- 
ductivity, heat  resistance,  etc.)  but  also  by  the  character  of  the  chemical  reac- 
tion with  the  ambient  medium  (gaseoua  corrosion,  oxidation  with  volatilization  of 
oxides)  and  mechanical  strength. 

Table  III. 11  lists  the  properties  of  certain  heat-shielding  aaterlals  used 
In  such  cases. 


10.  Fusible  and  Vaporizable  Materials  /216 

The  third  method  of  shielding  is  mainly  used  when  the  change  In  the  shape 
and  size  of  the  outline  of  the  coating  on  a part  Is  of  no  particular  Importance. 

The  coating  should  ensure  the  operating  efficiency  of  the  article  in  the  course 
of  short  time  Intervals,  then  break  down,  provided  that  the  part  or  structure  being 
shielded  remains  intact  aftar  being  exposed  to  extreme  conditions  for  a short  time. 

Coatings  of  this  type,  l.a.,  burning,  fusible,  decomposing  or  vaporizing  ones, 
remove  hast  during  their  decomposition  or  prevent  It  from  reaching  the  surface  being 
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Table  III. 11 

properties  of  hcat-shlcldlng  aacerlals 
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M 9 

iJ 

m 

^3  O M 

Oraphlte*  (P-0.25) 

ti 

1.72 

4730 



106 

130  ! 0.71 

358  1.1 

RP,  G — 

Farographlte* 
Tungsten  , _ 

13 

1A4 

2.2 

J9J 

47X 

34)0 

5530 

175 

66 

1.9  0.96 
169  0.13 

34" 

845  " 

925  •• 

Ip,  VAP 

Titanium  carbide  (TiC 

60 

4.9 

3150 

l3 

36  ! 0.56 

EP 

Boron  nitride  (BN) 

25 

1.3 

3000 

3130 

29 

32  ! 0.49 





791  (fl) 

IrI  §AP 

Tantalum 

ISi 

16.6 

3000 

5300 

25 

54  0.13 

32  " 

770  " 

850  " 

Zirconium  dioxide 

123 

S.3 

2680 

4100  {*) 

•OeSS 

1.8  ; 0.50 



1165(3) 

RP,  G 

Molybdenua 

96 

lOJ 

2620 

4830  52 

137  0.26 

42 

565 

675 

RP,  VAP 

Niobium 

93 

847 

2470  i 4930 

22 

52  0.27 

35 

700 

T71 

RP,  VAP 

krylllua  oxide 
^uUDUffl  oxide 

35 

3.86 

2450 

3030  <«) 

83 

240  1.0 



— 

290  1.1 

RP,  G 

102 

3.6 

2050 

^ •«.) 

13 

41  ! 0.84 

— ■ 

3270  1.) 

RP 

RP.  G 

Beryllium 

Licnium 

9.0 

1.84 

1290 

2500  ‘ 

31 

320 

353 

VA# 

6.9 

0.534 

180 

13T0 

_ 

29 

160 

164 

VAP 

152 

128 

0.99 

1.15 

160 

80 

210 

220 

— I — 

—320 

210 

59 

44 

no 

56 

VAP 

VAP 

Biphenyl  (CipHtn)® 
Aanonlum  chloride 

't: 

U5 

1.53 

TO 

335 

260 

335  <dec ) 

— _ 

220 

104 

48 

176 

(4»t) 

612 

59 

205  ^0(c' 

VAP 

G 

I Aluminum  nitride  (AIN)  41 

3.5 

2430 

2490 



56 

624  (d.<) 

G 

1 

• A and  a - In  a direction  perpendicular  to  tbe  surface  of  pressing  or  deposition; 
A and  a - in  a direction  parallel  to  the  surface  of  pressing  or  deposition;  for  boron 


{nitride,  one-half  as  auch;  for  graphite,  twice  as  much;  for  pyrographlte,  200  tlaes  as 
i •*  At  3000  K. 

***  RS  - refractory  shielding;  VAP  - vaporization  shielding;  G 
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shielded.  They  are  called  "sacrifice"  coatings  ("sacrificed"  to  preserve  the  nain 
article).  They  are  also  known  as  ablation  (ablative)  coatings. 


shield. 


Table  III.  11  also  lists  certain  naterlals  used  for  creating  a "sacrifice" 


The  nechanisB  of  such  shielding  Is  different  under  different  conditions  and  Is 
frequently  based  on  several  sinultancous  processes, l.e. , gasification,  vaporization, 
decoaposltlon,  fusion,  chanlcal  reaction  with  the  acdluB,  washing  out,  transpira- 
tion, etc. 


The  nose  cconoelcal  and  workable  shielding  naterlals  also  Include  polyver 
resins,  either  unfilled  or  reinforced  with  fillers,  and  conposltions  based  on  these 
resins. 


The  shielding  capacity  of  such  naterlals  Is  considerably  increased  when  they 
fora  decoaposltlon  products  in  the  fom  of  a carbonized  layer.  However,  not  all 
polyncrs  exhibit  the  sane  behavior  In  this  respect. 


As  an  azanple.  Table  III. 12  lists  data  on  the  ability  of  certain  substances 
to  undergo  carbonization,  estlnatcd  by  naans  of  the  so-called  coking  value  (CV). 
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T«ble  III. 12 
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Coking  values  (CV)  of  certain  organic  substances 

Elcaental  coaposltlon,  Z j 
Substance  ^ 1 j , C\ 


Phcnol-fonaaldehyde 
nsln  (novolac  18) 

teicteitlJir" 

pUilllne-pheno  1-  formal^ 

Phcno  I-bcnz  m1  dchyde 
I ruin 

^olybutfcditne 
ED-5  epoxy  re 


= 1 

" ! 

0 

N 

CV  . 1 

76 

6 

18 

_ 

56 

S9 

46 

15 



49 

43 

14 

44 

79 

6 

IS 

— 

39 

52 

44  1 

i 1 

1 

I 37 

40 

60 

1 

40 

46 

14 

10 

The  coking  value  is  Che  &ass  of  the  solid  residue  (expressed  In  percent)  /217 

after  heating  the  substance  at  1170-1220  K at  a pressure  of  1-2  at  for  7-10  min, 
referred  to  the  mass  of  the  initial  polymer. 

A carboniaatioo  tendency  is  exhibited  primarily  by  polymers  containing  five- 
or  siz-membered  rings  similar  to  the  hexagons  of  graphite  with  a C-C  distance  of 
1.415  A. 

11.  Fireproofing  and  Flre~Rc*lstant  Coverings 

Fire-resistant  coverings  are  an  obligatory  structural  eleacnt  of  ships  for 
preventing  fire  and  llsiltlng  its  spread  over  the  ship. 

In  degree  of  flaae  resistance,  ship  fireproof  coverings  are  divided  into  three  /222 
types;  fireproof  (type  A),  fire-retardant  (type  B),  and  separatory  (type  C)  (Table 
III. 13).  Type  A coverings  aust  have  flane  and  saoke  iaperaeablllty  for  1 h.  Type  B 
flaae  retardants  aust  be  iaperacable  to  flaae  for  0.5  b.  Type  C coverings  Bust  be 
Bade  of  noncoabustible  aaterlals. 

Structurally,  aoat  fireproof  coverings  consist  of  a supporting  base  (steel, 
light  alloy)  insulated  by  a noncoabustible  heat -insulating  covering  in  the  fora  of 
preforaed  eleaents  or  aaatlc  Inaulation. 

Tables  III. 14  and  III. 15  list  the  properties  of  soac  types  of  such  insulation. 

Figure  III. 7 shows  different  variants  of  aodem  ship  fireproof  structures 
using  new  types  of  Insulation,  including  the  panelboard  type. 

Figure  III. 7 (I)  shows  fireproof  ship  coverings  with  insulation  of  aarlnite 
panels,  and  Fig.  III. 7 (II)  shows  fireproof  coverings  with  alnsral  wool  insulation, 
used  in  foreign  shipbuilding. 

Figure  III. 7 (III)  shows  structural  dlagraas  of  standard  fireproof  coverings 
approved  for  use  in  U.S.  shipbuilding. 


T«ble  III.  13 

ClABtlflc«cios  of  fireproof  ship  coverings  b«sed  oo  the  degree  of  fire  resistsnee 
according  to  international  requirements  HK  1960 


Ship  fireproof 
coverings 


Properties  of  types  of  fireproof  coverings  on 
ships  according  to  international  requirestents 
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Any  material  which  by  Itself  or  thanks  to  the  Insulation  covering  It  posses 
structural  properties  and  Imperacabllil;  that  make  It  equivalent  to  steel,  after 
exposure  to  fire,  In  accordance  with  the  standard  fire  resistance  test. 


Haterlal  which  does  not  bum  and  does  not  evolve  Inflaamable  gases  In  amounts 
sufficient  for  their  Ignition  by  a foreign  flame  or  other  Ignition  source  oo 
heating  to  750*C.  Any  other  material  Is  considered  combustible. 


passenger  ships  according  to  the  International 
ndatfona  of  IMKO 


Typ«fi  of  insulation  for  ship  flraproof  coverings,  used  In  Soviet  end  foreign  shipbuilding 
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Fig.  III. 7.  Different  verlants  of  modem  fireproof  ship  ttructures  using  new  /223 

types  of  Insulstlon  materials 


I - fireproof  ship  coverings  with  marlnlCc  panel  Insulation: 

a - steel  partitions  with  one-sided  Insulation  by  panels,  fastened  or  free-standing, 
of  the  following  thickness:  30  os  for  type  A-60,  25.4  aa  for  type  A- 30,  12.7  am  for 
type  A-15;  b - steel  partitions  with  one-sided  Insulation  by  free-standing  panels 
of  the  following  thickness:  25.4  am  for  type  A-60,  19.1  am  for  type  A-30,  12.7  am 
for  type  A-15;  e - steel  psrtltlons  with  two-sided  Insulation  by  free-standing 
panels  of  the  following  thickness:  12.7  as  for  types  A-60  «nd  a-30,  9.5  b for 
type  A-15;  d - steel  deck  wlMi  Insulation  of  deckhaad  by  panels  of  the  following 
thickness:  12.7  am  for  type  A-60,  9.5  as  for  types  A-30  and  A-15;  e - partitions 
made  of  panels  22.2  b thick  for  type  B-15  end  15.9  B for  type  C;  continuous  deck- 
haad of  type  B made  of  panels  6.3  b thick;  f - partitions  of  alialnum  alloy  with 
two-sided  Insulation  by  panels  19.1  b thick  for  all  types  A and  12.7  b thick 
for  all  types  B;  g - alialnum  alloy  partitions  with  one-sided  Insulation  by  panels 
15.9  B thick  for  types  A-30,  A-15  and  A-0;  h - partitions  with  base  of  aluminum 
and  one-sided  Insulation  by  panels  9.5  b thick  for  types  B-15  and  B-0;  1 - decks 
of  aluminum  alloy  without  deck  covering  from  above  with  Insulation  of  deckhead  by 
panels  of  the  following  thickness:  19.1  b for  type  A-60,  9.5  B for  type  A-0  and 
6.3  B for  types  B-15  and  B-0;  J - decks  of  alialnum  alloy  (deck  coverings  of  teak  - 
38  B,  "durastcak" or  oak  - 25.4  b,  neoprene  - 6.3  b,  set  on  4.8  B latex)  with 
Insulation  of  deckhead  of  panels  15.9  b thick  for  types  A-60  and  A-30  and  12.7  b 
thick  for  types  A-15  and  A-0;  k - decks  of  alialnia  alloy  for  hydrofoils  with  Insu- 
lation of  panele  12.7  b thick  and  Koxyl  mineral  wool  31.7  b thick  for  type  A-60. 

1 - base  of  partition;  2 - stiffener;  3 - panel;  4 - 6.3  b air  gap;  5 - channel; 

6 - angle  Iron;  7 - slnc-plated  screw;  8 - deck;  9 - marlnlte  laths  25.4  x 76.2  b 
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I Fig.  III. 7.  II  - fireproof  coverings  with  alnerel  wool  Ineuleclon,  used  in  foreign  /224 

' I shipbuilding;  e - fireproof  acoustic  insulation  of  type  A-60  deckhead  with  panels 

^ > of  perforated  earlnlte  (9.5  n)  and  Roayl  board  (25.4  am) ; b - Insulation  of  type 

A-60  steel  partitions  with  Navllltc  panels  (15.9  b)  and  Rockwool  board  (20  b)  ; 
c - insulation  of  type  A-60  steel  partition  In  stalrvay  enclosures,  shafts,  eleva- 
tors, etc.  with  Bineral  wool  60  sm  thick  (c  • 125  kg/n')  and  aarinlte  panel  (19.1  b) 
coated  with  noniaflaasaable  plastic  (1.5  b)  ; d - Insulation  of  type  A-60  deckhead  in 
public  spaces  and  cabins  with  nincral  wool  65  b thick  (c  * 125  kg/m^)  and  alualnun 
alloy  cartridges  with  20-b  mineral  wool  (p  • 80  kg/m^);  e - Insulation  of  type  A-60 
steel  decks  at  control  posts  with  cement  (10  b) , mineral  wool  nonoblock  (p  • 260-300 
kg/m^)  25  B thick,  Seatex  deck  covering  (15  b) ; f - Insulation  of  type  A-60  deck- 
head  In  machinery  and  boiler  spaces,  alrcondltlonlng,  etc.  with  mineral  wool  65  b 
thick  (p  • 125  kg/m3)  covered  with  galvanized  Iron  (1  b). 

1 - base  of  partition  or  deck;  2 - stiffeners  of  base;  3 - mineral  wool  In  sheets; 

4 - Insulation  panels;  5 - panel  lathing;  6 - cartridges;  7 - galvanized  Iron 


Fig.  III. 7,  III  - structural  dlagzBS  of  standard  fireproof  coverlaga  approved  for  use 
In  n.S.  shipbuilding:  a - A-60  partitions;  b - A-30  partitions;  c - A-15  partitions; 
d - a-60  decks;  c - A-30  decks;  f-  A-15  decks. 

D - thickness  of  deck  covering  for  type  A-60;  S - thickness  of  structural  Insulation  for 
type  A-60;  F - thlckneas  of  partition  panel  for  type  B-15;  A - air  gap,  25.4  b 
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Fig.  III. 7.  IV  - standard  fireproof  designs  approved  by  the  USSR  Register  for  use 
an  Soviet  ships;  a - A-60  fireproof  partitions;  b - B-30  flre-retardlng  partitions; 
c - A-60  fireproof  decks 

1 - sheet  steel.  3 an;  2 - sheet  steel,  5 ai;  3 - spray-coated  asbestos  ceaant  Insu- 
lation; 1 - asbestos  board;  5 - O.OS  mt  foil;  6 - 1-as  sheet  steel;  7 - 2-n  laalnate; 
8 - wooden  lathing,  30  z 40  ■>;  9 - Mtal  lathing,  25  z 2S  z 3 as;  10  - AMG-S  sheets 

2 B thick;  11  - sheet  steel,  2 sa;  12  - asbestos  glass;  13  - asbestos  perlite; 

14  - plywood,  8 bb;  15  - M8-10  bolt;  16  - "Heva-ZO"  aastic;  17  - vemlcullte  concrete 


Figure  III. 7 (IV)  gives  standard  fireproof  designs  approved  by  the  USSR  Register 
for  use  on  Soviet  ships. 

Fireproof  coatings  which  are  foiaed  on  the  surface  of  the  protective  oaterlal 
in  the  foro  of  a layer  stable  to  2200-2700*0  and,  for  short  periods  of  tine,  to 
3200*0,  are  obtained  by  applying  on  the  surface  of  Che  fire-resistant  base  one  of 
Che  coaposltlons  shown  in  Table  III. 16. 

Table  III. 6 

CoBposltloas  of  refractory  coatings 
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A two-layer  foaa-ccramlc  covering  has  been  aucceasfully  teaccd  aa  a heat- 
ahleldlng  covering:  It  waa  made  up  of  one  layer  of  dense  fireproof  concrete  6.7 
thick  (conaiatlng  of  30Z  hlgh-alumlna  cement  * 70Z  of  fuaed  quartz)  and  a aecond 
layer  of  poroua  ceramic  23,5  mm  thick  (of  fuaed  S102)i  prepared  by  foaming  and 
impregnated  with  ethyl  allicate  then  acid-treated  to  convert  it  into  the  gel. 

The  weight  of  auch  a covering  ia  26.6  kg/m^. 

Figure  III. 8 ahows  Che  temperature  of  the  inner  wall  when  the  outer  wall  la 
heated  to  1650 'C  and  the  Influx  of  heat  ia  *700  kcal/m^  sec. 


tU  » IfO 

Time,  sec 


Fig.  111.8.  Effect  of  duration  of  external  heating  on  the  temperature  of  the 
outer  wall  of  a foam  ceramic  covering 

An  effective  heat-insulating  coating  protecting  the  Mo  surface  from  oxidation 
is  a coating  of  the  co^osltlon  MoSii/SnAl.  It  has  the  properties  of  slllclde  and 
alumlnlde  coatings.  The  coating  is  obtained  by  immersing  a bar  of  Mo  or  Mo  alloys 
for  several  hours  in  a alllcon-saturatcd  SnAl  melt.  The  temperature  of  the  melt 
is  900*C.  Aa  a result  of  the  treatment,  a porous  layer  of  MoSlj  whoae  pores  and 
cracks  arc  filled  with  SnAl  alloy  la  formed  on  the  surface. 

The  rate  of  formation  of  the  coating  depends  on  the  Sn/Al  ratio  (Fig.  III. 9). 


" U/ 

».«■/  r 

® ■'/ 

•Mi 

: i 


* j » t - » 
holding  time,  h 


Fig.  III. 9.  Thicknesa  of  coating  vs  time  of  holding  at  900*C  in  SnAlSl  melt 

HoTlZr  alloy;  pure  Mo.  latlo  Sn:Al  • 70:30  - (1).  1 - Sn:Al  • 70:30; 

2.  6 - Sn:Al  - 80:20;  3,  5 - SnsAl  - 90:10;  6 - Sn:Al  • 95:5. 
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The  optlauB  thtcknesi  of  the  coatlnt  for  ahlclding  Ho  froB  oxidation  la 
SO- 150  UB.  After  2S0C  h of  eerelce  In  air  at  1200*C,  the  coating  on  Che  Ho  - 0.5 
T1  - 0.08  ZrC  alloy  conalcced  of  an  M05I2  akalecon  a^  a dlffualoo  layer  of  H05SI3. 

The  aurface  and  cracka  ware  coated  with  an  AI2O3  fUw  15-20  ua  thick.  The  pores 
ware  filled  with  oxide  and  partially  with  SnAl  alloy. 

Magnaslua,  calclia  or  barlua  polyacrylate  la  racoaBanded  as  the  binder  for  /225 
ablation  shielding. 

Miao  exposed  to  high  taaparacuraa , the  organic  co^>onant  of  the  polyaer  bin- 
der bums  off,  leaving  on  the  aurface  a chin  flla  of  calciia,  a«gnasl<a  or  barlua 
oxide  which  delays  further  dacowposltlon  of  the  aatarlal. 

Ca,  Mg  and  Ba  polyacrylates  (In  the  aaounc  of  20-60Z)  nay  be  Introduced  Into 
the  cosgwsltlon  of  known  ablation  nacerlals  based  on  phanol-fomaldehyde  or  epoxy 
resins.  According  to  foreign  data,  a suspension  Sn,  A1  or  Mo  ancloxldatlon  coating 
Is  used  for  structural  panels,  beat  shields  of  aircraft  leading  edges,  and  ocher 
parts  of  tantaiua  alloys.  Tbs  suspension  consists  of  tin,  alualnus  and  nolybdenusi 
powders  and  a lacquer  solvent.  It  Is  applied  on  an  etched  or  sandblasted  surf see 
with  a bruah  and  by  spraying,  dipping,  etc.  After  drying,  Che  surface  Is  subjected 
to  a 0.5-1  h diffusion  treaceent  at  1037*C. 

The  coating  Is  eosiposed  of  the  Incenetalllc  coapound  TaAl3  osar  Che  base  /227 

and  Sn  A1  with  M0AI3  particles  In  Che  distant  part. 

The  proportion  of  Che  conponents  corresponds  to  the  foraulas  Sn  - 27x1  - 
S.SMo  and  Sn  ■ 27.5A1  6.9  Ho. 

The  coating  of  the  first  compotltioa,  which  is  applied  in  one  to  two  layers, 
has  the  best  wetting  properties.  The  coating  of  the  second  coaposlclon  Is  sore 
erosion-resistant  and  applied  In  a single  Isyer  76-260  un  thick. 

III. A.  REFBACTORIES 

Kaftsetorlas  are  different  types  of  naterlals,  nainly  nooaetalllc  ones,  whose 
specific  property  is  the  ability  to  retain  a given  strength  for  long  periods  of  cine 
when  hasted  to  high  caaperatures. 


According  to  their  refractoriness,  they  are  divided  Into  refractory  (1500- 
1770*0 , high  refractory  (1770-2000*0)  and  axcra-high  rafrcctory  aacettals  (above 
2000*0). 

lefractorles  are  divided  into  groups  according  to  their  coaposlclon  (Table 
III. 17)  and  porosity  (Table  III. 18). 

The  following  types  of  refractory  articles  are  distinguished  according  to 
the  aethod  of  forming  plastlc-foraed  (froa  plastics);  dry-foraed,  nonfomed  or 
reinforced  (froa  dry,  powdered  nesses  of  little  or  no  plasticity.  Including  con- 
erata,  fused  aaterlals,  etc.);  slip  cast  (froa  liquid  slip,  foaa  slip,  gas  slip, 
theraoplastlc  slip,  ate.);  theraoplastlc  extruded  (froa  nasses  with  themoplastic 
additions);  hot  extruded  (froa  nesses  heated  to  the  theraoplastlc  state);  fused- 
caat  (cast  froa  the  aelt);  sawed  (froa  natural  rocks  or  fused  blocks). 
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Table  III. 19 
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Depending  on  the  type  of  heat  treacaent,  the  following  refractory  products 
are  distinguished:  fired,  unflred,  dried,  soaetlaes  with  heating  to  2SO-400‘C; 
hot-extruded,  fired  after  extrusion;  fuaed-cast , and  annealed  after  casting. 

Since  the  requlreaents  for  the  stability  of  refractories  Increase  because 
of  ever  aore  severe  service  conditions  (coaponents  of  gas  turbines,  aagnetogas- 
dynaalc  generators,  plasaatrons,  etc.),  new  refractory  coaposltlons  are  being  con- 
tinuously developed,  aalnly  based  on  highly  refractory  oxide  and  Interaetalllc 
coapounds  and  their  coablnatlons.  Such  new  coaposltlons  Include,  for  example, 
htgh-aagnesla  and  chroala-aagnesla  refractories  (Table  III. 19). 

12.  Porous  and  Lightweight  Refractories 

Heat  Insulation  at  high  tcaperatures  (for  exaaple.  In  furnace  chaabers)  Is 
also  achieved  by  using.  In  addition  to  charging  Insulation,  various  lightweight 
refractory  articles  coablnlng  a low  theraal  conductivity  with  a high  refractoriness 
and  satisfactory  structural  strength.  These  aaterlals  are  called  heat-insulating, 
porous  or  lightweight  refractories. 

Table  III. 20  abows  the  properties  of  certain  refractories.  /230 

The  tcra  porous  (or  soaet  ses  lightweight)  la  applied  to  refractories  of 
low  apparent  density  (p  “ 0.4-1. 4 g/ca^) , caused  by  their  cellular  structure,  with 
• large  nuaber  of  statistically  unlforaly  distributed  open  or  closed  cavities  (pores). /231 

This  structure  can  be  obtained  by  maerous  technological  aethoda,  the  aost 
import ant  of  which  arc  the  following: 

(1)  Introduction  of  a porous  filler  - natural  or  synthetic  - Into  the  Initial 

aasa; 

(2)  blowing  or  beat  treatment  of  the  entire  aass  or  Its  Individual  coaponents; 


Table  111.20 
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(3)  Introduccloo  of  addltlvca  leaving  porct  in  the  Inlcial  saae  and  tbclr 
aubtequent  reaoval  (by  bunlng,  aubllaatlon,  vaporization,  dlaioluClon) ; 

(4)  Blneral  formation  during  the  firing,  aasoclated  with  an  Increaae  In 
porosity; 

(5)  introduction  of  air  into  the  tuapanalon  or  malt,  and  freezing  of  the 
air  bubblaa  formed; 

(6)  formation  of  gaa  bubbles  in  the  suspension  or  malt  as  a result  of 
chemical  reactions  between  the  additives  introduced  or  their  decomposition. 

In  practice,  the  following  three  methods  are  the  most  ennmon  ones; 

(1)  method  of  burning  additives,  based  on  the  Introduction  into  the  Initial 
charge  of  varioua  organic  substances  (sawdust,  coke,  coal,  straw,  etc.)  which  arc 
subsequently  burned  off;  the  proportion  of  the  additives  to  the  main  maas  deter- 
mines the  properties  of  the  product; 

(2)  method  of  foaming,  baaed  on  mixing  of  a suspension  of  the  rafractory 
material  with  a foaming  agent  or  with  a foam  prepared  separately  and  In  subsequent 
solidification  by  drying  and  firing  of  the  cellular  structure  obtained; 

(3)  method  of  chemical  pore  formation  based  on  swelling  of  Che  Initial 
mass  by  the  gaa  evolved  during  chemical  reacclona  as  a result  of  the  interaction 
or  decomposition  of  Che  additives  introduced  Into  the  mass.  The  conblnaclons  of 
gas  forming  agents  are  different:  carbonates  a acids  (for  example,  CaC03  BCl); 
metals  -f  acids  (for  example,  Zn  * BCl  or  A1  -4  B3?04);  metals  and  ^kalls  (for 
example,  A1  * MBaOB);  foam  polyurethanes;  peroxides,  etc. 
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Principal  characearlatlca  of  certain  poroua  refract 


A poroua  hlgh-ceoperature  refractory  baaed  od  alvaiouB  oxide  la  obtained 
by  adding  allicon  nitride  (38Z  H)  to  its  coaposltion. 

The  additive  lowers  the  firing  teaperature  (to  1300*C)  and  raises  the  working 
taiperature  (to  1500-1800*0, while  the  high  heat-insulating  properties  and  mechanical 
atrength  of  the  refractory  are  preserved.  The  SIN  content  of  the  refractory  is 
1 to  30Z  of  corundum.  The  foaming  agents  are  surfactants  or  a mixture  of  aluminum 
Ipowder  and  slaked  lime. 

Porous  refractories  can  be  obtained  with  practically  any  baae  among  those 
maed  for  preparing  dense  refractories. 

/ 

Table  III. 21  and  Fig.  III. 10,  which  illustrate  a few  of  the  large  number  of 
known  examples,  give  an  idea  of  this  possibility. 


_ * w 
1 4 

4 >•  J 


V'rr: 


4[X 


Fig.  111.10.  Some  characteristics  of  various  types  of  highly  refractory  porous 
ceramic:  a - effect  of  the  content  of  buming-off  additives  on  the  properties  of 
ll^twelght  dlnas. 

1 - porosity;  2 - thermal  conductivity;  3 - strength;  i - pore  alts; 
b - compressive  strength  for  various  porous  high  refractories  ve  porosity  and  method 
of  pore  formation. 

Mathod  of  buming-off  additives:  1 - MgO;  2 - 800  3 - tr02;  * * *^2°3> 

method:  5 - SiC;  6 - MgO;  7 - leO;  8 - ZrOj:  * - AljOj; 

c - tesiperacurs  of  the  start  of  softening  (SS)  \mder  load  for  variotia  porous  high 
refractories  vs  porosity  and  method  of  pore  formation. 


Fig.  111.10  contlnuad 

Itechod  of  burntng-off  additives:  1 - ZTO2;  2 - BaO;  3 - AI2O3:  bloving  aathod: 

* - 2rt>2J  5 - AI2O3:  6 - BeO; 

d - certain  properties  of  xlrconla  llgbcvclght  foaa  aatcrlel  vs  apparent  density. 

1 - 0-;  2 - SS  *C:  3-1;  niaber  of  heat  cycles: 

a - tBcival  conductivity  of  alUlnanlte  lightweight  aaterlal  vs  pore  size,  porosity 
and  taag>eraturc. 

1 - fine  pores,  45Z  porosity;  2 - large  pores,  S9Z  porosity; 

f - theraal  conductivity  of  berylllua  foaai  ceraalc  vs  porosity  and  teag>erature. 
Porosity:  1 - 78Z;  2 - 711;  3 - 63t;  * - 501; 

g - thermal  conductivity  of  zirconium  foam  ceraadc  vs  porosity  and  tamperature. 
Porosity:  1 - BOX;  2 - 70X;  3 - 64X;  4 - 53X;  5 - 28X;  6 - O.OX; 
h - thermal  conductivity  of  corundum  foam  ceramic  vs  porosity  and  temperature. 
Porosity:  1 - 871;  2 - 82X;  3 - 69X;  4 - 60X; 

1 - gas  permeability  of  various  porous  high  refractories  vs  porosity  and  method  of 
pore  formation. 

Foam  method:  1 - SIC;  2 - 4I2O3;  3 - BcO;  4 - Zr02:  method  of  bumlng-off  additives: 
5 - BeO;  6 - AI2O3;  7 - Zr02. 


111.5.  STKTACTIC  MATERIALS 

The  term  syntactic  (from  syntaktlkos  - putting  together)  Is  applied  to  com- 
posite structural  materials  of  low  density,  obtained  by  mechanical  mixing  of  hollow 
closed  mlcrospheres  (thlo-walled  hollow  globules)  vlth  a binder  capable  of  solidi- 
fying (usually,  a synthetic  resin)  and  converting  the  mixture  Into  a closed  mono- 
lithic cellular  mass  of  foam  plastic  type.  Because  of  this  property  and  also  their 
low  thermal  conductivity,  those  materials  are  considered  In  this  chapter. 

However,  In  contrast  to  foam  plastic,  the  material  obtained  has  much  higher 
Indices  of  mechanical  strength,  particularly  a high  compression  resistance. 

By  varying  the  material  of  the  mlcrospheres,  their  diameter  and  wall  thickness, 
the  binder  composition  and  the  conditions  of  preparation,  one  can  obtain  syntactic 
materials  possessing  diverse  properties.  Including  different  thermal  conductivity 
Indices.  Table  111.22  shows  certain  gcncrallzad  data  on  co^lnatlons  that  have  been 
used  In  practice. 

The  Soviet  Industry  produces  mlcrospheres  of  glass  (TO  b- 11-156-70)  sad  phenol- 
formaldehyoe  resins  (TO  V-166-70).  Their  principal  properties  are  as  follows: 


Material  of  mlcrospnerea 

Class 

Fbanol - formaldehyde 


Bulk  density, 
g/cm^ 

Density, 

g/cm3 

0.10-0.20 

0.22-0.40 

0.20-0.36 

Particle  Fusibility, 


size,  um 


10-200 

10-300 


Table  III. 23  gives  'hi  propartlea  of  several  avntactlc  compositions  made  up 
of  glass  mlcrospheres  vltb  an  epoxy  resin  (according  to  foreign  data). 


Tables  HI. 24-111. 27  and  Fig  III.  11  below  give  certain  characte -istlcs  of 
syntactic  compositions  with  bladen  epoxy  resin  (EDS  and  EDM  materials)  and  poly- 
aater  resin  (SFS  and  SFM  materials,. 


/'»  • 


Soa 


Table  III. 22 

properties  of  syntactic  coBposltlons 


Property 


Material  of  microapheraa 
Binder  Baterlal 
Olaaetera  of  alcroapheres 
Wall  thickness 


Packing  density  (ratio  of  volume 
of  aicrospheres  to  total  volume 
of  material) 


Density  of  hardened  syntactic  com- 
position, kg/m^ 


Absorption  of  water  under  pressure,  I 


Strength  limits  of  hardened  compo- 
sition, kgf/cm^: 


ah 


In  linear  compression 


In  volume  compression 


U . 

Elastic  modulus,  Egf/cm^-lO'  : 
in  volume  compression 
In  linear  compression 

Sj^,  kgf  cm/cm^ 


Hature  or  llsilts  of  values 


Glass,  ceramic,  S3rnthetlc  resins,  aluminum, 
titanium 


Various  theraosetting  and  thermoplastic 
polymers 


ID-SOO  um  (glass,  resins,  ceramics);  2-15 1 
(aliBslnuffl,  titanium,  resins) 


Depending  on  the  manner  of  preparation, 
usually  1-3!  of  diameter 


For  one-dimensional  spheres,  0.65-0.67; 
two-dimensional  ones,  '0.7-0. 8;  three-  and 
four-dimensional  spheres,  -0.90  and  -0.95 

500-800 


up  to  1.0 


100-400 

100-500 

500-1200 

600-1500 

100-500 


1. 5-4.0 
2-4 


1-7 


T«ble  III. 23 


SoBC  properties  of  syntecclc  coBposlClons 


Composition  withstanding  hydrostatic  ! 

Property 

pressure 

kgf /cs^ 

up  to  170 

up  to  315 

up  to  945* 

Vominal  density,  k|/m^ 

560 

603 

672 

Positive  buoyancy  in  seawater 

663 

*17 

362 

(P  - 102  kg/m^) 

Hydrostatic  compression  strength 

630-703 

8*0-1050 

1260-1*70 

Oy  kgf/cm2 

Volume  compression  modulus  Ey  .'10~\ 
kgf/cm^ 

1.76-2.11 

2.11-2.46 

3. 16- 3. ^2 

Linear  compression  strength' 

560-598 

633-703 

1054-1125 

Oj  kgf/cm2 

Modulus  of  elasticity  in  linear 

2.11-2.46 

2.46-2.81 

3.51-3.73 

compression  E^'IO'*,  kgf/cml 
Tensile  strength  0^,  kgf/c»^ 

105-140 

210-281 

1 

351-422  i 

Shear  strength  kgf/cm^ 

105-140 

210-281 

351-422  ' 

Hater  absorption,  Z 

no  greater  Chan  IZ  at  a pressure  up  to 

703  kef/cB^ 

* 

No  deformations  were  observed  after  a year's  exposure  to  vatei 

’ at  a pressure 

1 

1 

up  to  950  kgf/ca^. 

Table  III. 24 

SoBc  characterittlct  of  Soviet  syntactic  materials 


Tvpe  i 

Property 

Epoxy  resin  base 

Polyester  binder  i 

mnmM 

EDM 

SPS 

SPM 

p,  kg/m3 

800— SOO 

000-800 

60O-7S0 

coo-rrf) 

on 

650 

. MO 

0£,  kgf/cB^ 

SSO-900 

*bo-ooo 

200-400 

700  - 

450 

565 

*b,  kgf/cm2 

400 

180—260 

250 

100-300 

sn 

215 

290 

•u>  kgf/cm2 

ISO 

140 

190 

50-110 

X 10**.  kgf/cm^ 

15-77 

8-15 

12-20 

5-10 

s^,  kgf  cb/cb2 

1-7 

1-4 

1-2 

1-2 

d IO-».  m2/h 

0.4 

- 

- 

l.kcal/m  h *C 

0,1 

0,078 

- 

c.  kcal/(kg  *C) 

OJO-OJ*! 

0J9 

- 

- 

a I0*dcg  (50—200*0 

80-«0 

7J-103 

I 

I 

A 


HoldlnR  teaper«tur« 


Property 

w 1 

ifo 

no  i 

BOS-6 

1 ^ 

j, 

e 

SPS-1 

KDS-6 
EDM- 5 
SPS 

Sc.  kgf/em^ 

617 

460 

625 

617 

|440 

607  1 

1 600  i MG  «I0  1 

*c.  Z of  initial 

M 

100 

no 

U 

66 

108  1 

1 80  j 60  I 73  1 

e^.  kcf/cn^ 

3K> 

116 

3S0 

370 

117 

62 

370  ; 180  1 »t 

Z of  initial 

K 

100 

86 

97 

105 

32 

67  i 84  32  ; 

Weight  loss,  Z 

0 

0.16 

0.83 

0,4 

1.6 

3.9 

1 IJ  j 3.7  I22.5j 

0 

0 

0.28 

0.6 

0.5 

0.8 

i 0.25 ' 0.27  j 3.7  j 

r„b.^ 

O.IS 

0.75 

1,10 

0,15. 

0.62 

1 

1.75 

I 0.10  j 0.95  3.9  , 

1 1 1 1 

Initial  o,  kg/a^;  EDS-i 

B - 1 

680; 

EDM 

-5  - 

650 

1 

: SPS-1-68C, 

T«ble  III. 26 

Di«l«ctrie  properties  of  certain  eyntactic  «aterials 


Property 


^ in  d™'state 

after  24  h in  water  at  20  C 

in®dry  state 

after  24  h in  water  at  20  C 


‘iia- 


kV/a 


Typt  of  — terial 


SPS-1 


EDS-5 


S.a  10“ 
1.4-KH’ 

5 I0»*— M0»* 
1.5-10*— 3.2  t0“ 
0.0M>^,017 

11 


3.3 


O.C  to*> 
2^  10“ 


2.8  10“ 
I.5I0* 


Tabl*  111.27 

ProportlM  of  EDS  aaccrlala  iflth  diffortnc  condltlOM 


Property 

Sattine  conditions  1 

••e;» 

mrc  a* 

IDS  I 

EDS  II 

EDS  1 _ _ i ,EDS  II _ 

^ 2 

Sc  aif^cer  120  h in 
watsT,  kgf/cB4 

660 

660 

16.6 

10.6- a8 

TTO 

740 

660 

17,7 

U 

600 

700  730 

700  675 

19  • 17.2 

64-12.1 

l.l  1.3 

750  930 

1.3 

930 


Fig.  III. 11.  Some  characttrlstlcs  of  STntactlc  Bacerlalt:  a - water  absorption  /238 

of  syntactic  aaterlals. 

1 - SPS-1;  2 - SPS-U;  3 - EDM-7;  4 - EDS-6;  5 - EDS-7;  6 - EDS-7A  (A  - on  sited  surface): 
b - aoac  properties  of  EDS  syntactic  compositions. 

1 - eoapresslon  strength  vs  apparent  density  O;  2,3  - calculated  and  experloental 
curves  of  apparent  density  o as  a function  of  the  alcrosphere  content  of  Che  composition; 
c - absorption  of  Isopropyl  alcohol  during  prolonged  holding. 

S - EDM-7;  2 - EDS-7;  3 - SPS-1; 

d - effect  of  prolonged  exposure  of  syntactic  materials  to  dlffsrent  medls  on  Che 
mechanical  strength. 

A - Initial;  B - In  banzlne,  transformer  oil,  and  Isopropyl  alcohol;  C - In  carbon 
tatrachlorlde;  D - In  lOZ  B2SO4;  E - In  lOZ  alkali.  Holding  time:  EDS  - 12  months 
In  all  media;  SPS  - 6 months  In  all  madia;  EDM  - 12  months  (C,  D,  E);  EDM  - 6 months  (B). 


According  to  the  authors'  data,  the  content  of  mlcrospheres  In  the  cos-  /238 

position  ranges  from  10  to  30Z.  Within  these  limits,  the  composition  has  pouring 
properties.  Above  30Z  mlcrospheres,  molding  compositions  are  obtained.  Holding 
compositions  are  formed  at  low  pressures  (5-20  kgf/«^).  The  critical  concentra- 
tion for  glass  mlcrospheres  with  p • 0.25-0.28  g/cm^  Is  22-25  wt.Z.  Optimal  physlco- 
mechanlcal  properties  correspond  to  the  critical  concentration. 

The  chemical  stability  of  syntactic  materials  is  determined  by  the  chemical  /239 
stability  of  the  binder  In  a given  medlia. 

Syntactic  compositions  arc  of  considerable  Interest  In  shipbuilding:  this  /240 

la  a strong  and  light  structural  material  of  high  buoyancy  with  a low  water  ab- 
sorption, good  corrosion  raslstance  and  a number  of  other  desirable  properties. 
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Adhulvc  atrangch  of  cob- 
poaltiooa,  kgf/ca^ 


nature  of  adhesion 

with 

EDM 

To  aetals: 

detachaent 

10 

shear 

40 

To  fiber-glass 
plastics: 

detachaent 

20 

shear 

75 

EDS 


Coefficient  of  linear  expanalon  of 
coaposlclons  (a-lO^/deg) 


The  Bacerlal  hea  aeclafaccory  processing  properties  and  can  be  processed  Into  ar- 
ticles both  before  solidification  and  In  the  solidified  state. 
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IV. 4.  FUESS  AMD  FIBROUS  MATERIALS  /303 

Flbcri  !•  the  ttra  applied  to  flexible,  aechanlcally  strong,  elongated  bodies 
•hose  laogth  la  at  laast  several  orders  of  aagnltudc  (3-5)  greater  than  their  thlck- 

■aas. 

MoQofll  is  Che  tera  applied  to  fibers  of  Infinite  length.  A bundle  of  fine 
fibers  of  Indefinitely  treat  length  is  called  a thread. 

The  assortaent  of  fibers  used  for  technical  purpoaes.  Including  shipbuilding, 

Is  very  broad.  An  extensive  literature  has  been  devoted  to  the  description  of  the 
properties  and  acthods  of  aaklng  fibers,  and  state  standards  have  been  fomulatcd. 

The  principal  types  of  fibers  with  practical  applications  nay  be  subdivide! 
as  shown  In  Fig.  IV. 22. 


\ 

inorganic  fibers 

Organic 

fibers 

1 

Natural 

' 

Man-aade  | 

1 

Natural 

I j Han-aade 

Synthetic 

i 1 : ^ 1 

Mineral  | 

Physical 

synthetic_ 

Plant  i 1 Anisal 

^ 1 Chemical  i 

' ! aan-aadc  ' 

Chami cal 
synthetic 

Exaaples  1 

1 

Asbestos,  1 

potasslun  | 
tltanatc 

Glass,  silk,  I 
froa  rocks, 
quartz 

Cotton,  flax,  'Wool, 
ksap, aabary  { silk 

! i 

1 1 i 

1 i Viscose, 

1 1 alginates 

Polyacr 

fibers 

Fig.  IV. 22.  Principal  types  of  fibers  having  practical  applications 


The  principal  cbaracterlscics  of  certain  representatives  of  each  of  these 
groups  are  given  In  Table  TV. 34. 

Table  IV. 34  lists  certain  areas  of  application  of  fibers  and  aatsrlals  ob-  /305 
talned  froa  than  In  shipbuilding.  As  Is  evident  fron  this  table,  fibers  are 
widely  used  In  shipbuilding. 

The  last  decade  has  been  characterised  by  a definite  tendency  In  shipbuilding 
to  switch  froa  natural  fibers  to  synthetic  ones.  This  Is  due  to  the  fact  that  syn- 
thetic fibers  possess  s coablnatlon  of  properties  which  are  of  particular  Interest 
under  the  conditions  prevailing  on  ships  (high  water  resistance,  resistance  to  /306 

biological  attack,  high  aechanlcal  strength,  low  density,  ate.). 

Before  discussing  the  properties  of  specific  representatives  of  this  group 
of  aatsrlals,  we  will  acntlon  their  useful  eonparatlvc  characteristics,  which  arc 
soaewhat  specific  In  character. 

The  basic  characteristics  of  the  fibers  (as  physical  objects)  are  their 
thickness  and  aechanlcal  atrangth. 


46 


Tabic  tv. 34 


of  application  of  flbcrc  In  shipbuilding 


Main  function 


lalnforclng  aatcrlals  In  coaposltas,  In 
eluding  fiber  glass  plastics 

Matting  and  rigging  antarlals 

Hatting  thraada,  trawl  yam,  cordage 
for  trawling  purposes,  fish  nets, 
ropes 

Mittiol  hod  equlpaent , ropes  and  lines , 
cargo  slings,  aoorlng  lines,  towing 
ropes,  lowering  and  ast  lines,  sloop 
ropes,  shot  lines 

■eat-lnsulatlng  aatsrlals 

Material  for  siting  and  equipaent  of 
ship  coapartaents  - upholstering  and 
furniture  fabrics,  curtains,  shades, 
decorative  and  trlnalng  fabrics, 
carpets , runners 

Technical  fabrics,  fabrics  for  engln- 
aaiing  equipaent,  canvas,  tarpaulin, 
coveralls,  soft  packing,  pontoons. 
Inflatable  rafts 

Conveyor  belts,  driving  belts,  flazlblc 
pipes  for  air  and  liquids,  tire  cord 

Filtering  aaterlals  and  filtering 
fabrics 

Flactrlcal  Insulation  aaterlals 

Ion  exchange  and  electron  exchange 
aaterlals  (for  exaaple,  for  water 
purification) 

Sealing  aaterlals,  gaskets,  gland 

packings 


Fiber  glass  and  aaterlals  based 

on  It 

Flant  fibers  (heap,  sisal) 

Synthetic  fibers  (capron,  anld, 
lavsan,  polyethylene,  khlorln, 
polyvinyl  alcohol,  polypropylene) 

Heap,  sisal,  capron,  lavsan, 
polyethylene  and  polypropylene 


Felt,  asbestos,  synthetic  fiber, 
fiber  glass 

Han-aade  and  synthetic  fibers 


Cotton  (Including  cotton  lapregnated 
with  rubber  and  resins),  polyamide 
and  polyester  fibers,  polyvinyl 
alcohol  fibers  (vinol) 

Cotton,  viscose,  polyasdde  (capron, 
anld,  nylon),  polyesters  (lavsan), 
polyvinyl  alcohol  (vinol) 

Flant  fibers,  asbestos,  polymer  fibers, 
nitron,  khlorln 

Fiber  glass,  asbestos 

Chaalcally  treatsd  cellulose,  poly- 
vlnly  alcohol  and  polyene  fibers 

Flant  fibers  (heap),  anlaal  fibers 
(felt),  asbestos  and  coaposltions 
based  on  It,  aetalllc  fibers 


In  accordance  with  GOST  10878-70,  the  thickness  of  fibers  Is  exprassed  In 
tex  wilts,  which  have  the  dlaenslon  of  KL'l  (g/ka). 

The  thickness  T Is  determined  from  Che  ratio 


T ■ " 1000  y tex  (g/ka) , 

L 


where  a Is  the  mass  In  g; 

Li  is  Che  length  In  ka; 
L Is  the  length  In  a. 
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The  chlcksesi  of  fibers'  less  then  1 tex  say  be  expressed  In  atex  (1  atex  • 

0.001  tex  • a(/ka). 

Hhcn  the  thickness  Is  (reacer  chan  1000  tex,  Che  deslpiation  kcex  Is  used 
(1  kcax  • 1000  tax  • k(/ka). 

The  tax  ayscca  replaced  the  aecrlc  ooaenclacure.  In  which  the  nuaber  (0)  of 
the  fiber  (yam)  was  the  ataber  of  units  of  length  per  unit  aass  (aa/a^;  a/g;  ka/kg), 
end  elso  the  old  systaa  of  aeasurlag  thickness  in  danler  (1  denier  is  the  aass  of 
e fiber  9000  a long,  expressed  in  grsas  g/9  ka) . 

Another  frequently  used  property  of  a fiber  is  its  strength  (GOST  11970-70). 

The  strength  (breaking  stress)  in  kgf/aa^  Is  the  ratio  of  the  breaking  load 
to  the  cross  sectional  area  of  the  speclaen,  deteralncd  for  fibers  by  acans  of 
the  relation 

. 

b b ^ 

whare  P.  is  the  breaking  load,  kgf ; 

R is  the  msaber  of  the  thread; 

T is  Che  thickness,  tex; 

C is  Che  density,  g/ca^. 

The  breaking  length  BKM  in  kgf  ka/kg  Is  a relative  strength  characteristic, 
decerained  by  the  length  of  the  fiber  In  klloaeters,  at  which  the  latter  breaks 
under  its  own  aass. 


The  BKM  is  decerained  froa  the  relation 


BKM  • Pj^N 


lOOOPb 

T 


The  units  of  fiber  strength  are  correspondingly  related  as  follows: 

1 g/denicr  • 9 g/tex  • 9 BKM  ■ 9 P kgf/*^  • 88.29-10*  p H/a^,  where  p is 
Che  fiber  density,  g/ca^. 


13.  Organic  Fibers 

Organic  fibers  Include  fibers  of  different  nature  and  propertlas,  a comon 
faature  of  which  are  the  organic  coapounds  in  their  coaposltlon.  According  to 
their  origin,  they  are  subdivided  into  natural,  aan-aade  and  synthetic  fibers. 
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A.  natural  and  aan-aada  organic  fibers 

natural  organic  fibers  are  those  obtained  in  flnlshsd  fora  as  products  of 
the  vital  activity  of  anlaals  or  plants  and  requiring  relatively  little  processing, 
in  which  the  basic  properties  and  natura  of  the  aacerial  raaain  laehanged.  Table 
IV. 3J  lists  the  characteristics  of  certain  natural  organic  fibers. 


AS 


Table  IV. 35 

So«e  cbaractcristlci  of  natural  organic  fibers 


Property 

Plant 

Animal  I 

Cotton 

Flax 

Wool 

Silk  j 

Langch, 

11-56 

fr-S5 

— 

X-fiO 

lontin-| 

»reak^,strmngth : 

|?5£er 

r—so 

»-ri 

4T.  7T. 

N 2T* 

40  (XI 

*7-44 

»-4.il 



n IM 
t-  2 

:■»  40 
;u  4,r. 

Breaking  length,  km 
B/cm^ 

1 

1 

l.fll) 

fi.l-.72 

S5-ri5 

i.4 

lU-lU 

!.:«» 

a— 4:1 
2:  :i2 

i.:ii 

\M 

I.4M 

i.:fj 

1 ,;i7 

Elon|aclgn  at  nip- 

H iU 

2.5-1 

!.«•  -2.f» 

20  40 

1:1  20 
tfj  2.'*  i 

r.  <.5-5.6 

— 

. 

H..">  0 ! 

Moisture  absorption 

24-27 

28 

— 

21-22 

20  1 

(♦  - 98T) , I 1 



( 

Mao-aade  fibers  are  those  obtained  froB  natural  organic  raw  material  by  ex- 
tensive processing,  but  the  nature  of  Che  Initial  substance  remains  the  same  In 
Che  end  product.  An  example  Is  viscose,  obtained  by  chemical  processing  of  cellu- 
iose-rlch  stock.  Table  IV. 36  lists  Che  characteristics  of  certain  man-made  organic 
fibers . 

Man-made  fibers  as  veil  as  the  synthetic  ones  discussed  below  are  frequently 
called  chemical  fibers. 


B.  Synthetic  fibers 

Fibers  obtained  by  raprocesslng  chemically  synthesized  substances  having  no 
analogs  In  nature  (primarily  synthetic  polymer  resins;  sec  Volume  II  of  this  hand- 
book. Sudostroyenlyc,  Leningrad,  1969)  are  called  synthetic.  These  fibers  arc 
very  diverse  In  coi^oslclon,  and,  as  is  evident  from  some  data  of  Tables  IV. 37  and 
IV. 3B,  can  surpass  natural  and  man-made  fibers  In  properties.  The  composition  and 
properties  of  the  Initial  materials  for  making  synthetic  fibers  are  not  cited  here, 
since  cheee  questions  are  discussed  In  relative  detail  In  Volwc  II  of  this  handbook 

Shipbuilding  fibrous  materials  of  polymer  nature  (for  ropes,  lines,  fishing 
equipment,  etc.),  l.e.,  polyamide,  polyester,  and  polyvinyl  alcohol  fibers,  arc 
made  In  foreign  countries  under  different  names.  They  are  widely  used  on  our 
ships  made  abroad.  Table  IV. 39  lists  certain  names  of  these  materials. 


C.  Thermally  stable  polymer  fibers 

Among  Che  many  aynthatlc  fibers  used  for  various  purposes,  fibers  of  highly 
heat-reslstsnt  polymers  ere  msterlals  whose  prospective  uses  In  technology  arc 
very  broad.  They  Include  fibers  based  on  aromatic  heterocyclic  polymers,  poly- 
phenylene amides,  polyphenylene  hydrazldes,  polyphenylene  sulfonamides,  polyalkyl 
terephthalamldes . copolyphenylane  amides  and  many  others. 


A9 
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characteriatlcs  of  synthetic  fibers  (carbon  chain 


Voluae  avelllng  In  vater,  4.5-6Z. 

GOST  certified  aoloture  content,  2t. 
^COST  certified  moisture  content,  O.SX 


Table  IV. 37  cont 


Ch«ractftrlsMcs  of  •ynthetlc  fibers  (heterochain 


store  content,  5t 
store  cont'i'nt,  IX 


Table  IV. 38  conC 


T*bl*  rv.39 


CoaBcrclal  oom*  of  >o*c  polTScr  fibers 


1 

Country 

Foil 

raer  aaterlal 

Folymldea 

Polyesters 

Polywlnyl  alcohol 

1 < 

\ 

t . 

USSR 

Capron  (polyaalde  6, 

Lavsan  (polyethylene 

Vlnol 

£ t \ 1 

polycaprolactaa) 

terephthalate) 

K ^ 1 r 

DSA 

■ylon  6,  Caprolan, 

Dac’’on,  fortrel,  Enkalon, 

• 

Hylenka,  aonosheer. 

Aigll,  Aallor,  Vlcron, 

£ r i * 

Hylex 

Vitel,  Delvon,  Codel, 

vf:  j * ( 

Flberfm 

iF  * 1 ) 

■ylon  6,  Luron, 

Terylene,  Flaflene 

* 

CelJon 

GDR 

Daderon,  Pcrlon.  Wecrolno, 

Lanon 

• 

( ? 

Supron 

. > 

rcR 

Perlon,  Darlon.  Crlnax , 

Dlolen,  Trevirs, 

Synthofil 

■cfalon, Sanderlc , 

Flralon 

1 

Vyloo  6»  Rodialoo, 

■it 

Frldon 

Holland 

Enkalon,  Akulon,  Blf  U » 

Terlenka,  Akulen 

- 

Volenica,  Volinek, 

H 

Cordecalon, 

H 

Perelenka 

K 

Italy 

Llllon,  Ortallon, 

lerifal 

- 

K 

Forllon,  Hcllon, 

H 

Dclf  ion,  Nopalon , 

B 

Eplon 

K 

Poland 

Polan, Stilon, 

- 

- 

B 

Merlnopolan 

B 

China 

Shlnlon 

- 

• 

B 

AK£ 

Mlzrllon 

- 

- 

B. 

Cxechoslovakia 

Sllon,  ChesLlon 

Svlflcn 

• 

B 

France 

- 

Tergal 

godovlol 

B 

Switzerland 

Grllon,  Bodanll 

- 

- 

B 

Busanla 

Relon 

- 

- 

B 

Japan 

Aaylan,  Toray-nylon, 

Teforon,  Crllen, 

Hulon,  Nulon, 

B 

Kura- nylon 

Toray-Tetolon 

Eaneblan,  Vlnylon, 

K 

Ivankunl , 

B 

CrcBona,  KuravUan, 

B 

Eurslon 

B 

Mexico 

Nlccl 

- 

• 

B 

Hungary 

Daaulon,  Denalon 

- 

- 

B 

Spain 

Olan,  Perlofll, 

- 

- 

>1 

Tachron 

/ 

Teble  IV. 40  and  Plgt.  IV. 23- IV. 26  show  eortaln  propart laa  of  this  type  of  /3IS 

fibers. 


The  Sovlet-aadc  polyaer  Fanlloo,  the  structure  of  which  Is  analogous  to  the 
aroaatlc  polyaalde  Koaex  aade  by  Dupont,  Is  an  aromatic  polyasldc,  polyCa-phanylene- 
laophthalaalde) , obtained  by  polycondensatioo  of  laophthalyl  dlchlorldc  aaulslon 
with  w-phcnylanedlaalnc 

r A A 

_CX-(  (-CO-NH-I  l-NH- 

l V V 
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Table  IV.  40 

Propertlaa  of  fibers  of  blgh-taapcracuTC  polyaert 


Property 


Koaez  type 
polyaalde 


Polyaer 


^ , AroMtic  atag 
gered  copoly- 
* t aaldee 


m K 

i i 


Maltiog  point,  *C 

Breaking  strength, 
g/denier  at 
d - 65Z 

Percentage  elon- 
gation, Z at 
* - 65Z 

Modulus  of  elas- 
ticity, g/denier 

Density,  g/ca^ 


400 

(charring) 


115  151 


1.44  1.45 


Fig.  IV. 23.  Nachanical  properties  of  sranoflls  of  heat-resistant  polyaalde  "Boae* 
a - curves  of  stress  o vs  elongation  5 at  21*C  and  various  defoiaation  rates. 

1 - lOZ  Bln;  2 - 1S0,000Z  aln. 

b - curves  of  stress  a vs  elongation  6 at  different  teaperatures. 

1 - 21*C;  2 - 177*C;  3 - 260*C. 

c - breaking  strength  vs  teaperature;  d - aodulus  of  elaaclelty  E (1)  and  clonga 
tlon  at  rupture  i (2)  vs  teaperature. 


Polyblathl- 

«Eol  Mlde 


> 1 


; V 


* Tt 


im  <tV 


rig.  IV. 24.  Modulus  of  slssclclty  (a),  percentage  elongation  Cb)  and  breaking 
strength  (c)  of  polylaophthaljrl  hydraalde  fiber  vs  tesperature 


Fig.  IV. 25.  Heat  resistance  of  polyaolde  fibers 
1 - nylon  6-6;  2 - "Noaex"  NT-1  fiber;  3 - f«M-N-6  fiber 


Fig.  IV. 26.  Mechanical  properties  of  polypyroBcllltlsilde  fibers  PM  (with  dlphenyloxy 
groups  In  the  chain)  vs  tesperature 

1 - strength;  2 - aodulus  of  elasticity;  3 - elongation 


To  obtain  fibers  and  electrical  Insulation  paper  vlth  200-250*C  and  /317 

dovn  to  -70*C,  the  following  brands  of  fenllon  are  produced  by  Industry: 

VA  (TT  V-ll»-6a);  VB  (TO  V-120-68) ; fenllon  solution  (reaction  syrup)  (TT  V-76-66). 

The  Bain  physlcoaechanlcal  properties  of  plastics  obtained  fron  fenllon  are 
shown  below. 


P.  g/cm^ 

1.33-1.36 

o„,  kgf/c«2 

800-1200 

°e'  kgt/o>^  , 

up  to  3200 

•l. 

15-35 

Ee.  kgf/c»2 

up  to  44, 0< 

I 
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Tabic  IV. 44 

Coefficient  of  tberael  linear  ersanslon  of  fenllon  at  different  teaperatures 


Tafepftraturt  , **- 

•■ir  dag 

Taaparature, 

«.Mi>  deg 

: l!RI 

11*1 . if«i 

: :hi 

:ku’ 

170 

vj,:i 

- an ; 0 

.■w.ri 

Mil 

77.7 

0-4-  I ao 

34.S 

ftl.8 

.{SO^.^140 

43.2 

180-^220 

34.5 

S01-2S0 

2S.9 

14 . Inorganic  Fibers 
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Fibers  obtained  from  Inorganic  aatcrlals.  Including  netalllc  ones,  have  a 
number  of  valuable  properties  and  find  wide  application  In  modem  technology.  In- 
cluding shipbuilding.  They  are  of  major  Interest  as  the  base  of  composite  materi- 
als with  special  properties. 

The  material  for  such  fibers  may  be  metals  and  alloys;  pure  elements  (C,  B) ; 
oxides  (SIO2);  glasses  of  various  compositions;  graphite;  ceramics;  crystallizing 
elllcates  (slags,  rocks),  etc. 

Many  of  these  materials,  which  have  valuable  properties  and  arc  ifidely  used, 
have  beer  discussed  In  the  literature. 

We  will  briefly  discuss  some  reprcscncaclvcs  of  this  group. 


A.  Polycrystalllac  Inorganic  (ceramic)  fibers 

Fine  polycrystalline  fibers  of  various  Inorganic  materials  have  the  structure 
of  well-fired  pore-free  ceramic  with  nonorlentcd  grains  and  consist  of  crystallites 
whose  dimensions  are  much  smaller  than  the  cross  section  of  the  fiber.  Polycrystal- 
llnc  Inorganic  fibers  occupy  an  Intemcdlace  position  between  "whiskers,"  on  the 
one  hand,  and  metallic  and  glass  fibers  on  the  other.  They  may  be  both  continuous 
and  stable  fibers;  In  dimensions,  they  resemble  textile  fibers  and  can  processed 
into  yam.  The  usual  methods  of  preparation  of  such  fibers  Include  molding  by 
extrusion  from  suspensions  or  colloidal  solutions,  and  less  frequently,  free  casting 
as  ?llm  followed  by  drying  and  drawing  of  the  film  Into  fibers. 

In  any  fabrication  variant,  the  dried  fibers  are  fired  at  a high  temperature 
(» 1000*0  to  form  the  necessary  compounds  and  obtain  the  specified  properties. 

The  materials  used  for  the  fibers  may  be  metal  oxides  and  their  solid  solutions 
(AljOj,  AljOj-LljO,  ZrOj,  etc.);  silicates  (ZrSiO^);  nitrides  (IN)  and  many  others. 

In  the  USA,  fibers  ere  produced  from  alialnum  silicate  (under  the  name  "flberfrax") 
by  atomlzl^  the  melt  on  a rapidly  rotating  disk.  Average  characteristic  of  long 
fibers:  length  - 50-75  ami  (fluctuations,  13-254  mt)  with  a diameter  of  about  4 um; 
length  of  short  fibers,  up  to  3.B  m;  mean  diameter,  2.5  um  (flucutatlons  up  to  10  um). 
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D«njity  of  fiber  aatcrlal,  2.73  t/cmi^;  MP  > 1760*C;  up  to  1260*C.  Co^o- 

•Itlon  of  lon«  flb«r»,  X:  51  AljOj.  *5  SlOj,  3.4  ZrOjj  abort  fiber*.  X;  51  Al^Oj, 

*7  SlOj,  0.7  BjOj,  0.7  lajO.  The  thcraal  conductivity  of  the  long-flbered  aaterlal 
(p  " 96  kf/a^)  la  aa  follovs: 


'■•c  1 » 

S40 

7C0  j *70 

9*0  1 I09U  1 

Ll.cal/(caj,er 

6J0 

0.41 

0.61 

0J6 

1.03 

Lie 

In  addition  to  being  uaed  directly,  flbcrfraz  fiber*  are  uaed  a*  atartlng  /320 

■aterlal  In  the  aanufacture  of  heat  resistant  and  refractory  felt,  eats,  paper, 
i**tlle  articles,  rope  articles,  coverings,  adding  alxtures,  etc.,  and  also  as 
reinforcing  aaterlals. 

Slallar  in  composition  to  the  one  discussed  is  fiber  obtained  from  kaolin 
(A1203-2S102)  melts  (called  kaolin  fiber  in  the  USSR  and  Kaowool  in  the  OSA). 

The  fiber  is  obtained  in  the  fora  of  a felt  and  staple  up  to  200  m long  with  a 

of  1-3  ua.  The  density  of  the  material  is  2.6  g/cn^,  MP  - 1750*C,  t . • 

1260*C  (for  brief  periods)  and  1100*C  (for  long  periods).  The  thermal  conduc”" 
tivity  of  kaolin  fiber  of  different  densities  is  shown  in  Table  TV. 45. 

Table  IV. 45 

Thermal  conductivity  of  kaolin  fiber 


Average 


iTher 


•c 

• 

• 

1*0 

too 

0.17 

0.15 

0.13 

320 

ost 

0.23 

0.17 

430 

0J9 

0J3 

0.22 

540 

OA 

0.14 

0.25 

Kyanite  (3A1 203*25102)  fibers  of  brands  J-M  are  obtained  in  the  USA  from 
■cits  of  alxtures  of  siliceous  aluminosilicates  (kyanite,  slllijunlce,  andaluslte) 
with  AI2O3  or  aullite.  The  fiber  diameter  is  1-5  ua  (average,  3 ua);  the  apparent 
density  of  the  felt  is  65  kg/a^;  up  to  1100*C.  The  thermal  conductivity  of 

the  fibers  is  shown  in  Table  IV. 46. 

J-M  fibers  are  used  ss  the  base  for  felts  (thsrmoflez  and  karafelt)  and  J-M 
fiber  ness  (ksrafiber).  They  arc  used  for  high-tsapersture  filters,  hlgh-teaperature 
insulation,  etc. 

Also  well-known  ere  continuous  csrsalc  fibers  obtained  fron  refrsetory  alunlno- 
■illcatc  glasses;  al\ainua-bsrlua  glasses  with  exothermic  additions;  bauxites,  boron  /321 
nitride;  borocalclua  slllcstes. 

The  group  under  consldsrstion  includes  potasslia  tltanite  (K2Tlg03)  fibers 
produced  in  tbs  USA  under  the  brand  naae  Tipersol.  The  mean  fiber  dlaaeter  is  1 ua. 


Table  IV. 46 

Thaiaal  coaductlvlcy  of  kyanlte  flberi 


ItiO 

0.13 

0.12 

9BW 

0.23 

0.18 

430  1 

OJI 

0.34 

540 

1 0.43 

1 

0.30 

tbc  length  la  0.2  aa,  and  In  aone  caaea  20-30  an;  p - 3.6  g/ca^;  HP  “ 1371*C; 
c,p  - 0.22  cal/(g  deg):  - 4.0;  - 16.3  kgf/nai2;  6 • 0.59X;  - 

2.8*10^  kgf/ca^.  The  chcTBal  conductivity  for  batchea  of  different  densities 
la  ahovn  in  Fig.  IV. 27. 

Polycryatalllne  flbera  are  aade  froo  zirconlun  dioxide  atablllzed  vlth  SI  CaO. 
The  fiber  length  Is  5-51  hi;  diaaeter,  2.5-12.5  urn;  density,  5.9  g/cn^;  HP  -2590*C; 
Cy,  up  to  38  kgf/amZ;  t^^^  > 1650‘C. 


Fig.  IV. 27.  Theraal  conductivity  of  certain  Inorganic  fibers:  a - fibrous  aatcrli 
baaed  on  potasslua  tltanate. 

1~4  - aaterlala  of  different  densities  (according  to  the  degree  of  Its  Increase) : 
b - "Microquartz  J-M"  fibers,  p - 0.048  g/ca^;  c - felt  of  RafrszU  fiber. 

Ruabers  on  curves  - values  of  p,  kg/a^. 


Naterlala  froa  quarts  fiber 


Quartz  fiber  - one  of  tha  fores  of  hlgh-taaparature  flbera  used  In  aodem 
technology  - la  of  particular  Interest,  since  It  has  valuable  pbyelcochealeal  pro- 
pevtlee:  a high  electrical  resistance,  high  aeltlng  point  and  beat  resistance,  low 
coefficient  of  theraal  expansion,  aad  high  ehealcal  stability. 


Material*  of  quartz  fiber  may  be  used  at  high  teaperature*  and  pressures , 
high  ealoclties,  and  also  In  corrosive  aadls. 

The  Belting  point  (MP)  of  quartz  fiber  is  in  the  1720-2200*C  range.  The 
vlacoalty  is  praserved  in  the  10' -^-10^  P range. 

In  long-terB  operation,  Baterlals  froB  quartz  fiber  are  stable  up  to  1200*C.  /322 

Sintering  of  the  fibers  (deforaatlon  in  the  solid  phase)  without  softening  takes 
place  at  14S0*C. 

The  theroal  conductivity  coefficient  of  quartz  fiber  and  quartz  wool  at  room 
tsperature  is  0.03  kcal/(a  h deg).  As  the  teaperature  rises  to  lOOO’C,  the  themal 
conductivity  coefficient  Increases  to  0.2  kcal/(m  h deg). 

In  coaparison  with  aasslve  quartz  glass,  fine  quartz  fibers  have  a high  aechanical 
strength.  Thus,  the  tensile  strength  of  quartz  fibers  is  over  30  tlaes  greater  than 
that  of  aasslve  quartz  glass. 

As  a result  of  phase  transformations  at  high  temperatures,  associated  with 
a change  in  volume,  quartz  fiber  undergoes  shrinkage.  This  must  be  considered 
when  using  quartz  materials. 

Quartz  fiber  is  resistant  to  water,  high-pressure  steam,  various  acids,  and 
ocher  chemical  reagents.  Organic  and  mineral  acids  of  any  concentrations  leave 
quartz  fiber  alnosc  unaffected.  The  only  exceptions  are  hydrofluoric  and  phos- 
phoric acids  (the  latter  attacks  quartz  fiber  above  300*C). 

Quartz  fiber  is  one  of  the  best  dielectrics;  it  is  characterized  by  a low 
electrical  conductivity  even  at  high  temperatures  and  low  dielectric  losses  over 
a wide  frequency  range.  AC  room  teaperature,  the  volue  electrical  resistivlcy 
0^  of  quartz  fiber  is  lO^^-lO^S  ohm  ca. 

Fibrous  electrical  insulation  Baterlals  of  quartz  fiber  are  water-resistant, 
and  their  surface  resistance  Pg  docs  not  exceed  lO^^  oha  as  the  htmidicy  Increases. 

The  permittivity  and  dielectric  loss  tangent  of  articles  Bade  of  quartz  fiber 
reaain  practically  unchanged  as  the  teaperature  1*  raised  to  700*C. 

Clvcn  below  are  the  basic  properties  of  quartz  glass,  from  which  quartz  fiber 
is  Bade. 


Si02  concent,  I 
Density  p at  20*C,  g/cm^ 

Melting  point,  *C 
Bolling  point,  *C 
Tiscoslcy  In  the  1720-2200*C 
tcBperature  range,  P 
Guaranteed  teaperature  range  of  use,  *C: 
In  long-tcTB  operation 
la  short-term  exposure  to  bast 
Coefficient  of  thermal  expansion  a in  Che 
Q-IOOO'C  teaperature  range,  deg~l- 
Mean  specific  heat  capacity  c,.  Che 
20-6S0*C  range,  eal/(g  deg) 

Dielectric  loss  tangent  at  a frequency 
of  10^  Hz  Can  at  0-700*C 


99.9 

2.203 

1720 

2300 

lo’ -5-105 

-250  to  ♦1200 
-250  to  -42000 

0.5A-10“5 

0.23  /323 

1.5-lOr* 


to 


permittivity  at  10®  Hz  Ej-j  et  0-700  *C 
Modulaa  of  elasticity  at  20*C,  ksf/n 


3-4 
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Articles  of  quartz  fiber  with  an  organoailicon  lubricant  are  equivalent  in  mechan- 
ical properties  to  materials  based  on  industrially  produced  aluninoborosillcate 
fibers. 

Quartz  wool,  felt,  mats  and  fabrics  are  ezcellent  heat -insulating  materials. 

Twisted  quartz  fibers  of  different  niabers  (fron  5 to  110)  are  being  produced. 
Quartz  fabrics  are  made  in  a wide  assortment  of  thicknesses,  fron  0.1  to  1.0  am. 

The  warp  and  weft  strengths  of  the  fabric  arc  different.  Thus,  for  satin  quartz 
fabric  0.69  am  thick,  the  warp  breaking  stress  is  210.4  kgf,  and  the  weft  breaking 
strength  is  204.0  kgf. 

Quartz  paper  and  thin  quartz  fabrics  are  good  insulating  supports  and  can 
be  used  in  electronics. 

Twisted  quartz  fibers  and  ribbons  can  be  successfully  used  for  insulating 
the  conductors  of  electrical  machines  and  power  cables  operating  under  high  hualdity 
conditions  and  in  corrosive  media. 

Quartz  fiber  fabrics  arc  useful  in  filtering  hot  acid  solutions  as  well  as 
gases  and  for  separating  precipitates  and  sludge. 

Particles  of  quartz  fiber  combined  with  mineral  binders  and  organosllicon, 
phenol-formaldehyde  and  epoxy  resins  may  be  used  as  hlgh-tampcrature  fillers  for 
structural  and  heat-insulating  plastics. 


Quartz  fibers  made  of  SIO2  melts  arc  produced  abroad  in  a wide  assortment. 
Typical  properties  of  fibers  of  such  materials  arc  as  follows:  0 “ 2.20  g/cm^; 

E - 7030  kgf/cm2;  o_  (0-300*0  - 0.55-10-6; 


'soft  - 'work  ■ 


'lO* 


3.78;  tan  - 0.0009;  I-IO^  - 3.3  cal/(cm  sec  *C);  c„  • 0.165  cal/(g  *C) 


•P 


C.  Silica  fiber 

One  of  the  promising  inorganic  man-made  materials  are  silica  fibers.  They 
are  obtained  by  cbemlcal  treatment  (with  acid)  of  glass  fibers  from  glasses  of 
definite  composition  while  low-melting  oz:ldas  dissolve  and  almost  pure  silica  remains). 

Depending  on  the  initial  glass  composition,  one  can  obtain  silica  fiber  con- 
taining up  to  962  SIO2  (in  terms  of  the  calcined  substance)  or  silica  fiber  with 
additions  of  high-melting  oxides.  In  contrast  to  quartz  fibers,  silica  fibers 
contain  about  1-2Z  of  impurities , due  to  the  technological  circumstances  of  their  /324 
production. 

Silica  materials  are  obtained  from  glaas  Mo.  11  and  151. 

Silica  fiber  has  a high  tamperature  stability.  Its  melting  point  is  around 
16OO-16S0*C.  The  maximum  temperature  of  application  of  silica  fiber  in  prolonged 
operation  is  1000-1200*C,  i.e.,  500-600*C  higher  than  the  temperature  of  application 
of  fiber  made  of  alkali-free  aliailnoboroaillcate  glaas. 
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silica  fiber  1*  alcroporoua  and  In  the  air-dried  state  contains  U-14Z  water, 

■falch  Bay  be  partially  or  coapletely  raaovad  by  calcining.  A practically  coaple'e 
Miydratlon  takas  place  at  600-700*C. 

Tha  braaklng  strangtb  of  silica  fiber  is  around  SO  kgf/B^.  As  the  teaperacure 
rises,  the  strength  dacraases  continuously,  and  is  0 above  U00*C.  The  shrinkage 
at  60O-S00*C  is  5-6Z. 

To  obtain  ’’shrlnkage-frac”  silica  fabrics,  thay  must  be  heated  for  5-30  Bin 
at  600*C  (depending  on  the  thickness). 

Silica  fiber  has  a high  chenical  resistance  to  neutral  and  acid  nedia  at 
high  taaperaturcs . Silica  fiber  Bade  of  glass  No.  151  is  aore  stable  to  alkaline  /325 
Bsdla  than  silica  fiber  Bade  of  glass  No.  11. 

The  physicochemical  properties  of  silica  fabrics  are  chiefly  detemlned 
by  the  physicochemical  properties  of  silica  fiber. 

At  the  present  time,  woven  and  nontreven  silica  fabrics  arc  produced  by 
Industry.  Hoven  fabrics  include  fabrics  of  twisted  filaments,  strand  fabrics 
Bade  of  twisted  fllaBcnts,  as  well  as  bands  of  different  widths. 

Silica  fabrics  of  different  thicknesses  - from  0.2  to  1.0  mi  - arc  aade  from 
prlaary  filaBenc  of  Betrlc  numbers  75-85  with  a 5-7  urn  fiber  diameter.  The  fabrics 
arc  made  with  a special  lubricant,  and  the  sintering  tuiperacure  in  a ahort-tlme 
test  (30  acc)  is  1350-1400*0. 

Table  IV. 47  shows  the  properties  of  industrially  produced  woven  silica 
fabrics. 


Table  IV. 47 

Properties  of  woven  silica  fabrics 


■rand  of  fabric 
(ribbon) 

FilaBents 

Width, 

CB 

Thick- 

MStg 

Weight  of 

Density  - nuB 
bsr  of  fila- 
, Bents  per 

Breaking 
stress  ^trlp 
25x100  SB), 
kgf,  not  lest 
than 

Content 
of  lubri- 
cant, Z, 
not  Borc 
than 

Number 

Numbei 
of  ends 

fabric,  kg 
not  Borc 
than 

Warp 

Weft 

Warp 

Weft 

tt-U-3,0,2 

lOftI 

• 

M&3 

0.20s  0.03 

100 

lOsI 

I0±1 

26 

36 

1.0 

tt-tl 

16 

06s3 

0.35s  0.05 

360 

fsl 

6x1 

40 

40 

C.6 

KZh-11-2 

o.s 

160 

H=3 

about  1.0 

1100 

2 

3 

10 

30 

l.O 

KTsZh-lSl-2 

0.S 

100 

U^3 

About  1,0 

MOO 

2 

3 

30 

30 

1.0 

iL-li 

10 

• 

U±0.3 

0.»s0.05 

i±  1 lln.a 

llsl* 

10x1 

30* 

*Por  Che  entire  width  of  tbs  ribbon. 

- 

flllca  fabrics  ara  Bade  of  high-taaperature  lasulatioo  Batcrlal  asad  for 
Banufseturing  special  purpose  glass-reinforced  plastics,  electrical  insulation 
glass  fabric  laalnate,  used  under  ordinary  conditions  and  under  Increased  relative 
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hoBldlty  and  air  taapcracurc  condltlona.  Id  addition,  thay  can  be  used  for  fll- 
Carln(  corrosive  solutions,  aelts,  air  and  gases  at  high  teaperaturcs. 

■onwDvan  silica  natarlals  Include  fUsaent,  fiber,  board,  as  well  as  molded 
articles  of  coaplaz  configuration. 

Silica  fllaaant  of  low  aetrlc  nuabers  (10,  5,  3)  Is  aade  fron  filament  of 
aMbers  75-85  with  a fiber  diameter  of  5-7  ua  and  a special  lubricant.  The  fUaaent 
twist  Is  150  twlsts/a  in  this  case. 

Silica  fllaaent  Is  used  as  a reinforcing  material  for  strengthening  plastics, 
sewing  mats,  and  aaitlng  coablncd  woven  aaterlals. 

Silica  fiber  is  produced  In  the  fora  of  a wool  consisting  of  random  fibers 
5-7  ua  In  diameter.  The  fiber  must  neat  the  following  requlreaents: 


Density  of  loose  fiber,  kg/m^  100 

Halting  point,  PC  1650 

Application  teaperature  Halts  during  prolonged 

operation,  *C  -60  to  +1100 

Thermal  conductivity  coefficient,  kcal/(m  h deg); 

at  an  average  taaperature  of  160*C  0,055 

at  an  average  teaperature  of  460*C  0.120 


Silica  fiber  Is  used  as  a heat -Insulating  aaterial  at  high  temperatures  and 
can  also  serve  as  a sealflnlshcd  product  in  the  manufacture  of  aolded  silica  articles. 

Silica  fibers  with  a high  SIO2  content,  obtained  by  leaching  glass  fibers, 
constitute  a material  that  Is  widely  used  abroad.  For  example,  Kcfrazll  fiber 
Is  obtained  by  leaching  fiber  glass  with  hydrochloric  acid.  The  diameter  of  /326 

■efrazll  fibers  Is  0.8-12  urn,  the  SIO2  content  la  96-99Z,  and  KF  > 1650*C.  The 
thcraal  conductivity  la  shown  In  Fig.  IV. 27  c.  Safrazll  retains  its  electrical 
Insulating  properties  up  to  1000*C.  The  material  Is  used  as  a wool,  fabric,  ribbon, 
felt,  braiding,  rope  articles,  coverings,  and  relnforcament  for  plastics.  The 
name  Microquartz  J-M  in  Che  USA  stands  for  thin  fibers  and  felt  containing  more 
than  99Z  SIO2;  fiber  diameter,  1.3  urn;  MF  > 1600*C.  The  thermal  conductivlcy  of 
this  material  la  shown  In  Fig.  TV. 27  b. 


D.  Elemental  fibers 


Boron  fibers.  Fibers  aade  of  pure  boron  B arc  the  latest  and  very  promising 
materials.  They  arc  of  particular  Interest  as  a reinforcing  filler  for  high-strength 
and  hlgh-aodulus  coaposltes  - boron  plastics. 

Modem  boron  fiber  la  charactcrliad  by  the  following  properties;  D • 2.6  g/ca^ 
(Including  a V core);  E ■ 39-42,000  kgf/am^;  a>10^  • 1.5/deg;  • 350  hgl/am^; 

MF  ■ 2050*C:  > 9;  Poisson's  ratio,  0.21;  rigidity  modulus,  17,900  kgf/»2. 

Attanclon  Is  drawn  to  the  great  hardness  of  the  aaterial  and  its  modulus  of  elas- 
ticity, which  la  five  tlacs  as  high  as  that  of  fiber  glass.  At  the  present  time, 
the  chief  method  of  fabrication  of  boron  fibers  consists  In  the  deposition  of  boron, 
which  takes  place  as  a result  of  thermal  daco^oslclon  of  vapors  of  its  coapounds 
when  they  coat  In  contact  with  a substrate  heated  to  a high  temperature.  The 
decoaposlng  compounds  used  art  primarily  volatile  boron  halides  (of  the  general 
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foraula  vberc  X la  Cl  and  Br)  or  boron  hydride  (for  exaaple,  B2H^)>  The 

nfracrory  haacad  tubatrata  uaed  la  a thin  (-13  Ub)  tungsten  vlre  haaced  by 
electric  current  to  tha  required  taaparature  (-100C-1200*C  for  BCI3-H2  eixturea). 

Snr.ng  tha  dapoaltlon,  tha  tungsten  core  reacts  vltb  the  depositing  boron, 
foralng  tungsten  borides  (UB4,  V2Bj).  Vhen  the  wire  thickness  Is  -13  ub,  this 
requires  30-55  sec. 

The  dlsBcter  of  the  boron  fiber  obtained  froB  BCI3  after  1-2  aln  of  exposure 
In  tha  deposition  chaaber  ranges  froB  76  to  137  urn. 

Tha  continuous  fiber  length  Is  3000  a.  The  structure  of  the  tungsten  wire 
surface  affects  the  structure  of  the  depositing  boron.  Etching  of  the  boron  fiber 
surface  Bakes  It  possible  to  increase  Its  tensile  strength,  and  the  bending  strength 
Increases  auch  Bore  abruptly  (to  1300-1400  kgf/ca^}. 

Carbon  fiber  (C  fiber).  Carbon  fibers  Is  the  term  applied  to  fibers  consisting 
alaost  completely  of  pure  carbon. 

Fibers  containing  91-982  C are  classified  as  carbon  fibers,  and  chose  con- 
taining Bore  than  982  C,  graphite  fibers.  The  starting  aacerlals  In  Che  aanufac- 
ture  of  C fibers  are  Infusible  polyBers  In  Che  forrs  of  fibers,  converted  by  solid 
phase  pyrolysis  (by  heating  at  1000*C,  then  graphitlzlng  at  2000-3000*0  Into  /327 

carbon  fibers.  At  Che  present  tine,  polyacrylonitrile  and  cellulose  (viscose) 
fibers  are  aost  widely  used  for  this  purpose. 

Carbon  fibers  are  characterized  by  a low  specific  mass,  a high  rigidity,  a 
substantial  tensile  strength,  but  a low  Interlanlnar  shear  resistance  (5-6  kgf/aB^). 

C fibers  ust  retain  their  Bechanlcal  strength  up  to  2000*C.  C fibers  conduct 
electricity  and  haat : X along  the  fiber  Is  40  kcal/(D  h *C) : p is  about  3 ohB  bb^  b~^; 

a up  to  lOOO'C  Is  In  the  range  of  1.5*10~°  deg  , and  at  rooB  taaparature  has  a 
negative  value  (-1‘10^  deg~^),  passing  through  zero  In  the  200-400*C  range.  Cellulose- 
base  C fibers  acquire  a high  strength  only  after  heat  creatBent.  Polyacrylonitrile 
C fibers  require  no  treatnent.  All  the  properties  of  C fibers  of  different  batches 
vary  over  relatively  wide  limits  (26-302  for  o^,  9-112  for  C,  6-82  for  the  dliaeter). 
Table  IV. 48  gives  the  average  values  of  the  basic  properties  of  C fibers. 

The  dlaseter  of  the  fibers  ranges  froB  5 to  50  Ua. 

A characteristic  feature  of  carbon  and  graphite  fibers  Is  a high  heat  resis- 
tance, infuslblllty , chaslcal  inertnesa,  and  low  specific  density  (for  carbon  fiber, 
p - 1.7  g/cB^:  for  graphite  fiber,  -2.0  g/ca^). 

Disadvantages  Include  a comparatively  high  thermal  conductivity  and  low 
Bechanlcal  properties  (o  of  carbon  fibers  la  60-90  kgf/iB^;  graphite  fibers, 

40-50  kgfW). 

■andoBly  Intertwined  graphite  and  carbon  fibers  form  corresponding  felts, 
which  have  valuable  properties. 

Graphite  felts  are  obtained  at  taaperatures  up  to  2700*C,  they  contain  prac- 
tically no  volatile  products,  and  carbon  felts  are  obtained  by  beetlng  at  800*C 
and  contain  up  to  82  of  volatile  co^ounds.  The  specific  surface  of  graphite  felts 
la  -3  B^/g  and  the  resistance  Is  0.3-0. 9 obm/O • and  that  of  carbon  felts,  about 
ISO  B^/g  and  500  ohn  - 1 Hohn/Q . Accordingly,  carbon  felts  are  frequently  regarded 
as  low-activity  foras  of  activated  carbon. 
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Soae  charkctcrlctlcf  of  ch««e  Bacerldt  are  (Ivcn  In  Table  IV. 49. 

Craphlcc  yam  HVC,  produced  in  Che  USA  (Union  Carbide  Corp.),  Is  foned  by 
Cvlatln;  cvo  fllaacncs  In  l.S  turns  over  a length  of  25.4  aa.  Each  filaaent  eon- 
alats  of  720  graphite  fibers  of  brand  Thomel  50TM.  The  main  properties  of  the 
fibers  are:  0„  (for  a length  of  25.4  as)  - 20,000  kgf/c«2;  6 ■ 0.61;  Ev  - 3.5-10* 
kgf/ca^:  p ■ 1.63  g/ca^. 


The  properties  of  the  yam  (different  batches)  are  • 21,000  and  16,4(X) 
kgf/ca7;  Ey  • 3.8-10*  and  3.4-10*  Icgf'cm^.  When  WVC-130  yam  vas  used  In  the 
aaount  of  50-60  vol.Z  for  aaking  a conposlte  aaterial  with  an  epoxy  binder  (mixture 
of  100  parts  by  weight  of  EBL-2256  resin  of  low  viscosity  with  27  parts  by  weight 
of  aromatic  amines),  the  following  characteristics  of  the  solidified  material  were  /329 
obtained:  o„  - 6100-8350  kgf/cm2;  E^  - i.  49. 10*-1. 81- 10*  kgf/a»2;  Efc  * 1.47-10*- 
1.78-10*  kgf/cmZ;  E.  • 1. 5- 10*-1. 53 - 10*  kgf/cm2;  0,^  • 7400-8780  kgf/c»2; 

• (1.57-1.  88)-10*  kgf/cm-;  dynaae  * (0. 463-0. 610)  - 10*  kgf/cm^. 
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